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AUTHOR'S 

PREFACE. 


MY  defign  in  publifliing  this  Book,  was, 
that  the  Celeftial  Phyiics,  which  the 
moft  fagacious  Kepler  had  got  the 
fcent  of,  but  the  Prince  of  Geometers  Sir  Ifaac 
Newton^thxou^t  to  fuch  a  pitch  as  furprifes  all 
the  World,  might,  by  my  care  and  pains  in  il- 
luftrating,  become  eafier  to  fuch  as  are  defi- 
reus  of  being  acquainted  with  Philofophy  and 
Aftronomy,  The  Title  informs  you  fuffici- 
ently  that  the  Arithmetical  orCalculatorypart 
of  Aftronomy  is  here  omitted,  tho'  that,  per- 
haps, may  be  publiftied  hereafter  in  its  proper 
place.  As  for  thePhyfics,  it  is  all  taken  out  of 
the  abovemention'd  Authors  ^  but  is  here  inter- 
mixed with  Aftronomy,  in  fuch  places  asfeem'd 
proper  and  convenient  ^ethe  Geometry  to  be  met 
with  in  it,  I  have  either  borrowed  eifewhere, 
and  qitoted  the.  place  where  'tis  to  be  found, 
A  2  or 
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or  delivered  it  Lemma trically.  Whatever 
is  done  in  each  Seftion,  you  have  it  exprefs  d 
either  in  the  Title  or  Preface  thereof,  in  fuch 
a  manner,  as  that  thofe  who  are  lefs  vers'd 
in  the  more  abftrufe  parts  of  Geometry,  or 
lefs  concerned  about  the  Phyfical  parts,  may 
pafs  over,  and  only  read  the  Aftronomy  fepa- 
rately  and  diftind:  from  them. 

TheCeleftialPhyfics,  or  Phyfical  Aftrono- 
my, is  not  only  the  firft  in  dignity  of  all  inqui- 
ries into  Nature  whatever,  but  the  firft  in  or- 
der, becaufe  it  is  the  eafieft*   For  the  Suri  and 
Planets  are  feparated  from  one  another  by  fo 
immenfe  a  diftance,  as  renders  them  incapable 
of  exerting  moft  of  thofe  forces  whereby  all 
Bodies  aft  upon  one  another  5  fo  that  they 
have  no  other  force  left  them  whereby  they 
can  afFed  one  another,  but  the  fingle  force  of 
univerfal Gravity:  Whereas  in  theproduftioii 
of  feveral  Phasnomena,  that  are  obferv'd  upon 
pur  Earth,innumerable  other  forces  ate  exerted^ 
fuch  as  are  very  hard  to  be  diftinguifli'd  from 
one  another  5  which  notwithftanding,  if  not 
accurately  done,  in  vain  do  we  attempt  Nature, 
and  make  any  inquiry  into  it.    Upon  this  ac- 
count it  is,  that  every  Problem  in  the  Terre- 
flrial  Phyfics  is  very  operofe  and  perplex'd,  on 
the  contrary,  in  the  Celeftial  Phyfics,   much 
inore  eafy^and  fimple,  tho*  even  the  latter  has 
its  diffieulties,  arifing  from  the  different  di- 
ftances  and  magnitudes  of  the  Celeftial  Bodies, 
For  the  Fix  d  Stars  are  fo  vaftiy  diftant  afun* 
derj  th^t  they  have  no  mutual  aftion  upon 

each 
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rfach  other,  obfervaKe  by  us  who  are  the  In- 
habitants of  the  Earth,     The  Primary  Pla- 
nets are  remov'd  fo  far  from  each  other,  that, 
tho'  they  have  fome  fmall  power  and  effeft 
upon  one  another,  yet  we  cannot  be  fenfible 
pf  it,  till  after  many  Years  obfervation.   The 
Secondary  Planets  are  not  at  fo  great  a  di- 
ilance  from  their  Primaries,  or  from  the  Sun, 
but  that  they  may  be  confiderably  affefted  by 
the  powers  pf  both,  (if  regard  be  had  to  the 
iQiiantity  of  Matter  that  is  in  thefe  latter,)  and 
this  is  the  fpring  of  tbpfe  manifpld  inequali^ 
ties  found  in  them,  fuch  as,  for  inftance,  mani- 
feftly  fhews  itfelf  in  our  Moon  ^  which  yet  is 
nothing  at  all,  if  compared  with  the  inequali- 
ties found  among  Terreftrial  Bodies,  which 
are  afted  upon  by  an  innumerable  variety  of 
other  forces,  prefGng  everyway  upon  them* 
So  that  thofe  perfons  feem  to  apply  their 
tl;ioughts  but  to  a  very  indifferent  purpofe  in 
the  ftudy  pf  Nature,  that  overlook  this  part 
pf  Aftrononiy,  from  whence  the  principal  an3 
fupft  fimple  Laws  of  Nature  are  to  be  learn  d. 
That  none  may  think  the  Phy fics  delivered  in 
the  following  Work  intirely  new  and  unknown 
in  Aftronomy,  I  fliall  take  the  liberty  to  (hew 
that  it  W3S  both  known  and  diligently  culti- 
vated by  the  moft  ancient  Philpfophers.    And 
Ifliall  dwella  little  longer  upon  this  argument, 
becaufe  there  is  no  need  of  fpending  a  Preface, 
either  upon  the  order  of  the  parts  of  this 
Work,  which  may  be  feen  in  the  Index,  ox 
upon  the  ufefulnefs,  dignity,  hiftory  and  pro- 
' ' '  A3  grefs 
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grefs  of  Aftronomy,  or  even  of  the  true  Sy- 
5em  of  the  World,  approv  d  of  hyFythagoras^ 
and  others  among  the  Ancients  ^  thefe  things 
being  all  of  them  treated  of  at  largeJ^  the 
common  Writers  of  Aftronomy.  What  I  fhail 
now  therefore  mal^e  olit  is,  that  we  do  ftill 
tread  in  the  fteps  of  the  Ancients  in  this  Phy- 
fical  Aftronomy  3  inafmuch  as  they  ktifew  that 
the  Geleftial  B6dies  gravitated  towards  each 
other,  and  were  retain'd  in  their  Orbits  by  the 
force  of  Gravity^  and  were  alfo  apprized  of 
the  Law  of  this  Gravity, 

For  if  we  look  back  to  the  firft  Rife  of  A- 
flronomy,  and  take  a  view  of  it  in  its  Infancy, 
as  it  were,  we  fliali  find  nothing  better  ap- 
prov'd  of,  nothing  more  nniverfally  entertain- 
ed among  the  feveral  Seds  of  Philofophers, 
than  this  notion  of  the  Gravity  of  the  Gele- 
ftial Bodies.  That  faying  is  well  known,  fo 
often  ufed  by  ^  Anaxttgoras^  and  his  Scholars, 
^Achelaiis  and  ""  Euripides,  Namely,  **  That 
**  the  Sun  and  Stars  v/erc  fiery  or  red-hot  Stones 
"  and  Golden  Clods!'  Of  the  fame  mind  alfo 
were  ^Democritus^  Metro dorus^  and  ^Diogenes ^ 
_^ By 

a  He  affirmed  the  Sun  to  be  a  Mafs  of  Red-hot  Iron.  Diog* 
Laert.-  in  Atiaxag.  That  the  fubflance  of  the  Sun  was  Stono 
that  of  the  Moon,  Earth.  -Plat,  in  Apol.  Socr. 

b  That  the  Stars  were  Plates  of  Red  hot  Iron.  Scob.  Ed, 
Phyf.  cap,  25. 

c  They  fay  that  Euripides  ufed  to  call  the  Sun  a  Clod  of  Gold y 
or  Qolden  Mafs.     Diog.  Laer.  in  Anaxag. 

d  Anaxagoras,  Democricus  and  Tsletrodorus  affirmed,  that 
the  Sun  was  a  Mafs  of  Iron  or  Stone  red- hot,  Pltit.  de  Placit. 
i?hiL  lib,  2.  c.  20. 

■  e  Diogenes  thought  that  thefuhftance  of  the  Stars  was  not  un- 
like that  of  a  Fumke  Stone,     ibid,  c.  13. 


The  Author's  P  r  i  fa  c  e  .  v 

By  thefecxprdOSons  they  meant  no  more,  than 
that  they  were  heavy,  denfe  and  fix  d  Bodies, 
(fuch  as  Stones  are)  fo  as  to  bear  a  confidera- 
ble  degree  of  heat:  And  that^this  was  really 
itheir  meaning  will  evidently  appear,  if  we  do 
but  enquire  more  narrowly  into  the  firft  Au- 
thors of  this  Opinion.  For,  as  we  are  told 
by  ^  Democritusy  thefe  notions  about  the  Sun 
and  Moon  are  not  to  be  afcrib'd  to  Anaxago- 
ras  as  their  original,  for  he  had  really  bor- 
rowed them  of  the  Ancients.  Nor  is  it  a  diffi- 
cult matter  to  find  out,  who  they  were  that  he 
borrowed  them  of,  or  from  whom  they  were 
handed  down  to  him.  He  had  them  from  his 
M2&QX  ^  Anaximenes^  whofe  Opinion  we  know 
was,  that  the  Stars  were  of  a  fiery  nature  and 
fubftance,  that  there  were  alfo  mingled  with 
them  certain  Earthly  Bodies,  which  were  car- 
ped round  about  them,  tho'not  vifible  to  us; 
By  which  words  he  plainly  means.  Planets  of 
a  terreftrial  nature,  performing  their  revolu- 
tions in  theSyftem  of  every  Fix  d  Star,  Thefe 
potions  Anaximenes  received  from  Anaximan- 
der^  A^iaximander  from  ^^  Thales  himfelf,  who 
was  the  Head  and  Founder  of  the  Jonk  Philo- 
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■  I  II  !■    II  I   ■■II  I  ■!«■  '  ',   ■  ■'  '  ' 

f  Favorinus,  in  his  various  f/iftory,  relates,  that  Dcmocritus 
ufed  to  fay  of  Anaxagoras,  that  the  Opimtis  which  he  taught 
concerning  the  Sun  and  Moon,  were  not  his  o»?/?,  but  far  more  and' 
entthan  AnaxagorasV  time-y  and  that  he  hadftolien  them.  Laerc* 
in  Democrir. 

g  Anaximenes /^/V,  the  nature  of  the  Stars  were  fiery ^  and 
that  there  were  certain  terreftrial  Bodies  that  are  inviftble,  carried 
together  about  them.     Stob.  Ecl.Phyf.c.  2$. 

h  Thales  was  of  Cpinion  that  the  Stars  confifled  of  an  Earthly 
fubftance,  which  was  continually  red-hpt.  Scob.  Eel.  Fhyf. c.  2 5. 
Api  To  Flurarch.    De  Plac,  Phylof.  li^.  2.  c,  i  ^. 
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fophy^  and  fpread  this  opinion  of  the  Gravi- 
ty of  the  Fix'd  Stars  among  his  Seft.  Nor 
did  this  Dodrine  concerning  the  Stars  flop 
here,  but  afterwards  it  diffused  it  felf  thro' 
the  Italic  Philofophy,  the  ^  followers  of  which 
taught,  that  each  Star  was  a  World  in  thein- 
iinite  ^Ethereal  Space,  containing  Earth, 
Air  and  jEther^  and  that  the  ^^Moon,  not  on- 
ly was  like  our  Earth,  but  inhabited  by  Ani- 
mals of  a  larger  fize,  and  furnifti'd  with  Plants 
of  a  more  beautiful  appearance. 

Nor  were  they  fo  abfurd  in  their  concep- 
tions about  Gravity,  as  to  think  that  it  was 
done  by  the  virtue  of  any  point  within  the 
Earth,  orofaCenteri  to  which  all  heavy  Bo- 
dies placed  any  where  tended  5  but  they  thought 
it  was  done  by  the  ^  power  of  the  whole 
Matter  in  the  Terreftrial  Globe  attrading  all 
things  to  it  felf :  And  as  the  power  of  the 
Loadftone  is  composed  of  the  powers  of  the 

feveral 

1  The  Pythagoreans  affmd^Jhdt  every  Star  is  a  W,orld  in  the 
hifimie  Ethereal  Space,  wherein  are  contain  d  Earthy  Jir,  and 
■j¥.ther,     Plut.  (le  Pkc.  Philof.  Lib.  2.  c.  ig. 

k  The  Pythagoreans  afferted,  that  the  Moonfeeitid  to  be  of  a 
fim'ilar  nature  with  the  Earth,  it  is  inhabited  as  our  Earth  is^ 
by  Animals^  tho'  of  a  larger  fii^e  than  ours^  and  fiird  with  the 
j(ime  PI  ants  y  tho^  much  more  beautiful  than  ours.  Pluc.  de  Plac. 
Phil.  Lib.  2.  c.  50. 

1  Andyst  if  every  heavy  Body  inclines  towards  the  Jame  place^ 
and. does  with  every  one  of  its  parts  tend  to  its  middle  or  center y 
the  Earth  lertaihly  will  not  approfriiite'toitfelf  thefe  heavy  Bodies:^ 
which  are  its  parts ^  becaufe  it  is  the  Center  of  the  Vniverfe,  but 
rather  becaufe  it  is  the  whole^  of  which  they  are  the  parts,  Pluu 
de  facie  in  Orbe  Luiia?'. 

As  for  that  which  is  incorporeal^  "'tis  net  probable^  nor  will  they 
ihemf elves  allovo  it  to  bepofjcfs'dwith  fo  great  apuwer  as  to  dra:^ 
hU  things  towards  it^  find  retain  them  about  it.    Ibid,  ^^' 
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fevcral  parts  combin'd  together,  fp  they  be- 
lieved that  the  Gravity  towards  the  whole 
Earth,  refulted  from  the  Gravity  towards 
each  fingle  part  of  it.  Befides,  they  believ'd 
there  was  a  "^Gravity  towards  the  Moon  and 
Sun,  afting  in  the  fame  mann^ir  as  it  dpes  to- 
wards the  Earthy  and  that  each  ^ Planet,  like 
a  Stone,  whirl'd  in  a  fling,  was  kept  in  its 
iOrbit  by  the  fame  principle,  and  for  the  fame 
reafon  revolving  always  about  us.  From 
forae  things  mention  d  by  °  Diogenes  JuaertmT^ 
concerning  VlatOy  which  alfo  are  obfcurely 
hinted  at  in  his  p  Titn^us^  I  am  apt  to  believe 
with  ^  GaUleOy  that  the  divine  Philofopher 
fuppos'd  the  Mundane  Bodies,  when  they  were 
iirft  formed,  were  moved  with  a  Reftilinear  mo- 
lion  (by  ik^  means  Qf  Gravity,)  but  after  that 

they 


m  And  this  meeting  together  of  Bodies  here,  and  th{ir  poaVttjm 
li^'ewtfe  with  the  Earth's  Body,  jherv  us  the  manner  how  it  is  pro- 
pable  that  the  parts,  which  are  affembled  at  the  Man's  Body,  con- 
tinue  alfo  there,  i 

n  But  the  Moon  is  helped,  and  prefervd  from  falling  down,  by 
her  very  Motion  and  that  impetmflty  of  her  Revolu  tion  -,  as  Stones 
and  other  weighty  Bodies  put  in  Slings  and  fxpung  round,  are  kept 
from  dropping  out  by  tk-e  fwiftnefs  of  their  Motion,  and  their  being 

fnov'd  circularly.     • Wherefore  the  Moon  does  not  move 

downwards,  as  her  own  weight  n>ou'd  naturally  cap^  hqr,  hef  ten- 
dency thai  w.ay  hfing  ftopt  bj  the  violence  of  her  circular  revolu- 
tion.    Ibid. 

•  p  Thefe  at  firji  were  mov^d  in  a  confus'd  and  irregular  manner, 
but  when  they  were  duely  adjufted  and  rightly  fettled,  then  the 
W.oxld  was  eftabjifhld  by  God  in  juji  order  and  proportion,  ..  Dio§^ 
t^QH.  in  Plat. 

p  He  gavel t  a  Motion  altogether  agreeable  to  its  nature  as  ^^ 
Body  (that  is  a  dire^  one,)  and  a  little  further.     Therefore  he 
afterwards  made  it  continue  its  ccurfc  in  a  Cjrde,  Ffat.  in  Timeujv 
■  <5  In  his  Cofmic^l  Syftem, 
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they  had  arrived  to  fome  determined  places,they 
began  to  revolve  by  degrees  in  a  Curve,  the 
Reftilinear  Motion  being  chang'd  into  >a  Cur- 
vilinear one.  Tis  from  this  Doftrine  of  Gra- 
vity, that  all  Bodies  gravitate  mutually  to  one 
another,  'tis  by  this  that  ^  LucretiuSy  taught 
by  Epicurus  and  Bemocritusy  labours  to  prove, 
that  theUnivcrfe  has  no  Center  or  loweft  Place, 
but  that  there  is  an  infinity  of  Worlds  like 
ours  in  the  immenfe  Space.  His  Argument 
runs  thus:^  If  the  nature  of  things  were  bound- 
ed any  where,  th^n  the  outmoft  Bodies,  fince 
they  have  no  other  beyond  them,  towards 
tvhich  they  may  be  made  to  tend  by  the  force 
cf  Gravity,  wou  d  not  ftand  in  an  Equilibrio, 
but  make  towards  the  inner  and  lower  Bodies, 
being  neceflarily  inclin'd  that  way  by  their 
Gravity,  and  therefore  having  m^ide  towards 
one  another,  during  an  infinite  fpace  of  time, 
would  have  long  agp  met,  and  lye  in  the  mid- 
dle of  the  whole,  as  in  the  loweft  place.  Tis 
evident  therefore  from  hence  that  Lucretius^ 
and  thofe  whom  he  fbllowed,  believ'd  that 
all  Bodies  did  Gravitate  towards  the  Mattel: 
placed  around  them,  and  that  every  fingle  Bo- 
dy was  carried  by  the  more  prevailing  Graviry, 
towards  that  region  where  there  was  moft 
Matter. 

As 


r  S  :ppofe  tbey  all  had  Bounds^  Jttppofe  an  End  y 
Then  Bodies  which  by  Nature  muji  difcendy 
And  from  Eternity  purfu'd  the  Race, 
Had  long  e'er  this  time  reached  the  lowejl  Place.  iucr.I.  I  .v.  ^26o 
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As  it  is  manifeft  that  the  Ancients  were 
apprized  of,  and  had  difcover'd  the  Gravity  of 
all  Bodies  towards  one  another,  fp  alfo  they 
were  not  unacquainted  with  the  Law  and  Pro- 
portion which  the  adion  of  Gravity  obferv'd 
according  to  the  different  MalTes  and  Diftan- 
ces.    For  that  Gravity  is  proportional  to  the 
Quantity  of  Mattei:  in  the  heavy  Body,  ^Lm- 
tretius  does  fuAd'ettly  declare,  /^  as  alfo  that 
what  we  call  light  Bodies,    don't  afcend  of 
their  own  accord,  but  by  the  aftion  of  a  force 
underneath  them,   impelling  them  upwards, 
juft  as  a  piece  of  Wood  is  in  Water  5  "  an4 
further,  that  all  Bodies,  as  well  the  heavy  as 
the  light,  do  defcend  i?i  vacito^^  with  an  equal 
cderity.  It  will  be  plain  likewife,  from  what  I 
Ihail  prefently  obferve,that  the  famousTheorem 
about  the  proportion  whereby  Gravity  decrea- 
fes  in  receding  from  the  Sun,  was  not  un- 
known at  leaft  to  Vythagoras,     This  indeed 
feems  to  be  that  which  he  and  his  followers 
would  fignify    to  us  by  the  Harmony  of  the 
Spheres:  That  is,  they  feign  d -^^^/^i?  playing 
upon  an  Harp  of  feven  Strings,    by  which 
Symbol,   as  it  is  abundantly  evident  from 
^Pltny^  Macrohtus  2XiA.Cenforinus^  they  meant 
the  Sun  in  Conjundion  with  the  feven  Planets, 

for 

1  Be  fides  •,  why  have  not  Bodies  equal  Weight 
With  thofe,  whofe  Figure  is  but  juft  as  great/    Lucr,  I. '1.^.41$. 

c  And  this  I  thivk  a  proper  place  to  prove. 
That  nothing  of  it  felfcan  upwards  move.        Lucr.  1.2.  v.  178. 

u  Therefore  thro^  k^oid,  unequal  Weights  muji  be, 
Lite  Swift  in  Motion,  all  of  like  degree,  Lucr.  1. 2.  v.  228. 

X  Plin.  lib.2,  C.22.    Macrob,  lib.  I,  C.I?,    Cenforin.ci-ii. 
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for  they  made  him  the  Iqader  of  tl^at  Septenary 
Chorus,  and  Moderator  of  Nature  5  and 
thought  that  by  his  Attraftive  force  he  afted 
iipon  the  Planets  (and  called  it  Jupiter's  pril 
Ton,  becaufe  it  is  by  this  Force  that  he  retain? 
and  keeps  them  in  their  Orbits,  from  flying  off 
in  Right  Lines)  in  the  Harmonical  ratio  oiF 
their  Diftances.  For  tl^e  fojrces,  whereby  cr 
qual  T^nfions  ad  upon  Strings  of  differenf 
lengths  (being  equal  in  other  refpefts)  are  re- 
ciprocally as  the  Squares  pf  the  lengths  of  the 


y  For  Pythagoras  as   he  was  paffing  by  ^ 
Smith's  Shpp,  took  occafion  to  obferve,  that 
the  Sounds  the  Hammers  made,  were  mpre  ac- 
cute  or  grave  in  proportion  to  the  weights  of 
the  Hammers  5  afterwards  ftretching  Sheeps 
Guts,  and  faftning  various  Weights  to  them, 
he  learn'd  that  here  likewife  the  Sounds  were 
proportional  to  the  Weights.    Having  fatisfy 'd 
himfelf  of  this,  he  inveftigated  the  Numbers, 
according  to  which  Confonant  Sounds  were 
generated.    Whether  the  whole  of  this  Story 
be  true,  or  but  a  Fable,  'tis  certain  Tj/thagQ- 
ras  found   out  the  true  ratio  between  the 
found  of  Strings  and  the  Weights  fatten  d  to 
them.     The  fame  Tenfipn  a3:s  upon  a  String 
as  fhort  again,  four  times  more  powerfully: 
For  it  produces  an  Odave,  and  an  Odave  15 
founded  by  a  force  that  is  four  times  greater^ 
for  if  a  String,  put  upon  the  ftretch  by  a  givei^ 
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Weight,  generates  a  given  Tone,  the  fame 
String  ftretch*d  by  a  Weight  four  times  greater, 
will  found  an  Odave.  Thus  likewife  the* 
fame  Tcnfion  upon  a  fubfefquialteran  Chord, 
afts  ill  a  double  fefquiquattan  ratio:  For  it 
generates  a  Fifth  or  Diapente,  and  a  String 
that  founds  a  given  Note,  \x^ith  st  given  Weight 
ought  to  be  ftretch*d  by  a  Weight  that  is  a 
double  fefquiquartan  to  found  a  Fifth.  And 
univerfally,  the  Weights  which  generate  all 
Tones  in  Strings,  are  reciprocally  as  the 
Squares  of  the  lengths  of  Strings  of  equal 
Tenfion,  producing  the  fame  found  in  any 
Mufical  Inftrument.  Pythagoras  afterwards 
applied  the  proportion  he  had  thus  found 
by  experiments,  to  the  Heavens,  and  from 
thence  learn'd  the  Harmony  of  the  Spheres. 
And,  by  comparing  thefe  Weights  with 
the  Weights  of  the  Planets,  and  the  inter- 
vals of  the  Tones,  produced  by  the  Weights, 
with  the  interval  of  the  Spheres^  and  laftly, 
the  lengths  of  Strings  with  the  Diftances  of 
the  Planets  from  the  Center  of  the  Orbs  ^  he 
underftood,  a^  it  were  by  the  Harmony  of  the 
Heavens,  that  the  Gravity  of  the  Planets  to- 
wards the  Sun  (according  to  whofe  meafures 
the  Planets  move)  were  reciprocally  as  the 
Squares  of  their  Diftances  from  the  Sun. 

We  have  thus  far  been  fliewing  what  was 
the  Opinion  of  the  Ancients  concerning  Gra- 
vity 5  and  it  is  evident  they  were  perfwaded 
that  Gravity  was  not  an  affedion  of  Terre- 
ftrial  Bodies  only^  but  of  the  Celeftial  alfo, 

that 
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that  all  B  odies  gravitate  towards  one  another; 
and  that  the  Planets  are  retained  in  their  Or- 
bits by  the  force  of  Gravity,  and  laftly,  that 
the  Gravity  of  the  Planets  towards  the  Sun 
are  reciprocally  as  the  Squares  of  their  Di- 
ftances  from  it.  What  the  induftry  and  (kill 
of  the  Moderns  have  added  to  thefe  invent!- 
ons  of  the  Ancients,  the  following  Pages  da 
declare  at  large. 


T  H  E 


■  M  I 


THE 

PUBLISHER 

T  O    T  H  E 

READER. 

THE  Science   of  Astko'N ouYy 
which  is  as  much  efleenid  and  ad^ 
mir^d  for  its  great  and  manifold  ufes  for 
the  Service  of  Mankind^  as  it  is  delightful 
and  entertaining  to  the  more  curious  and 
contemplative^  has  in  all  ages  been  cul- 
tivated and  improv^d^  by  Men  the  mofi 
eminent  for  their  parts  and  learnings,  and 
is  now  brought^  as  it  were^  to  the  ut* 
mofi  degree  of  perfe£lion^  and  that  chiefly 
by  the  fuperior  Genius  and  Indufiry  of 
thofe  of  our  own  Nation.     But  fince  no- 
thing confiderable  therein^  has  been  as  yet 
writ  in  our  own  Language^  I  thought  I 
could  not  oblige  my  Country-Men  more 
than  in  publijlnng  an  Englifti  Edition  of 
the   mofi   valuable  and  finifhH  piece  of 
AsTi^ois^OMY  now  efctanh     It  is  generally 

reckon  d 
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reckoned  to  he  a  Book  that  contains  not  only 
all  the  Discoveries  and  Philofophical  Senti^ 
mcnts  of  the  gf' eat  Kepler,  and  the  varibus 
Hypothefes  of  the  moft  noted  Jfironomers 
before  and  Jtnce  his  Time  j  but  is  chiefly 
valued  by  the  befl  Judges ^  for  the  large 
and  inflruSlive  Comments  delivered  in  it, 
on  the  Writings  of  the  illujiriom  Sir  Ifaac 
Newton,  as  well  as  on  the  fever al  Aflro^ 
nomical  Differtations  of  the  fagaciomDr. 
Halley,  which  the  Reader  will  find  here 
every  where  interfpers  d. 

And  in  order  to  render  this  work  as 
eompleat  as  pojflble^J  /hall^  in  d  very 
little  time,  prefent  you  with  another  Vo4 
lume,  containing  correSi  Aflronomical  Ta^^ 
bjesy  for  the  ready  computing  of  the  Pla^ 
fiets  PlaceSy  Eclipfes^  &c.  all  done  by  a 
Perfon  of  known  ability^  from  the  true 
Theory  of  Gravity,  deliver'*  din  this  Book: 
For  it  was  by  no  means  judged  proper  that 
I  /Jjould  annex  to  fo  intire  a  piece  as  this 
i>,  any  imperfeSt  Tables,  drawn  from  a 
different  Principle  from  what  is  here  efla^ 
blifhed,  fuch  it  feems  allthofe  asyetpub'- 
HfJjed  are. 
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Section  I* 

Concerning  the  Order,  Diftances,  and  Peri- 
ods of  the  Primary  Planets  revolving  about 
the  Sun,  and  the  principal  Phenomena 
thence  arifing. 

Proposition  L 

TO  give  a  general  accourJ  of  the-  Order y  ^nd 
Teriods  of  The  Vrimary  Tlanets  revolving 
about  the  Sun^  and  their  TXiftances  from  it} 
us  alfo  what  we  are  to  think  of  the  Comets  and  Fioit 
Stars. 

The  Sun  is  to  be  look'd  upon  as  immovable, 
and  placed  in  the  midft  of  that  immenfe  Space, 
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in  which  the  Planets  perform  their  Revolutions. 
And  there  are  fix  opake  Spherical  Bodies  that 
revolve  about  it,  as  their  Center,  from  Weft  to 
Eaft,  [Fig.  I.]  from^,  along 5,  C,  andD,  in  the 
following  Order :  Mercury  neareft  the  Sun,  corn- 
pleating  its  Revolution  in  about  three  Months | 
fiext  to  Mercury,  Venus  in  about  {kvQn  Months 
and  an  half;  then  the  Earth  in  a  Year ;  Mars  in 
about  two  Years;  Jupiter  in  twelve;  and,  laftof 
all,  Saturn,  which  is  outermoft,  in  thirty.  Their 
Diftances  from  the  Sun  are  nearly  the  fame  as 
they  are  reprefented  in  the  Scheme  :  namely, 
fuppofing  the  diftance  of  the  Earth  from  the  Sun 
to  be  divided  into  ten  equal  Parts,  of  thefe  the 
diftance  of  Mercury  will  be  about  four,  of  Ve- 
nus feven,  of  Mars  fifteen,  of  Jupiter  fifty  two, 
and  that  of  Saturn  ninety  five. 

'Tis  to  be  obferv'd,  that-  all  their  Orbits  are 
not  in  the  fame  Plane,  but  vatioufiy  inclin'd  to 
one  another;  fo  that  fuppofing  the  Plane  of  the 
Earth's  Orbit  to  coincide  with  the  Plane  of  this 
Scheme,  one  half  of  the  Plane  of  any  other 
Planet's  Orbit  will  be  above,  and  the  other  half 
Below  in ;  fo  that  the  Planes  interfe<^  in  a  Line' 
that  paffes  thro'  the  Sun. 

Befides  the  abovementioii'd  Planets  moving 
around  the  Sun,  there  are  likewife  Comets ;  and 
thefe,  if  they  are  lafting  in  their  Nature  and 
Motions,  move  in  very  excentric  Orbits,  and 
£onfequently  fhew  themfelves  only,  when  they 
are  in  thofe  Parts  of  their  Orbits  that  areneaTeft 
to  us  and  the  Sun :  Some  of  themdiove,  like  the 
Planets,  from  Weft  to  Eaft,  others  from  Earft  to 
Weft;  fome  again  from  North  to  South,  and  laft- 
ly,  others  from  South  to  North.  Their  Orbits  are 
Various  and  different  in  Magnitude^  Situation, 
^nd  Inclmation  both  to  om  another,  and  to 
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ijie  Orbits  of  the  Planets.  Their  Periods  are 
not  as  yet  known  from  ObferVation,  nor  in- 
deed is  it  fully  certain^  that  tl^ey  move  in  Lines 
that  return  into  themfelves.  But  ail  thefe  thingis^^ 
perhaps^  will  be  determined  by  proper  Obfer- 
vations  made  in  future  Ages. 

The  reft  of  the  Mundane  Space  is  to  be  con- 
ceived as  divided  into  Spaces  juft  like  that  we 
have  been  defcribing,  each  having  one  of  thole 
Stars  in  its  Center^  which  are  called  Fixt  Stars, 
performing  the  office  of  a  Sun  to  it,  and  having, 
it  may  be.  Planets  and  Comets  of  its  own  re- 
volving about  it. 

It  is  enough  at  firft  to  have  a  general  con- 
ception of  thefe  things  as  they  are  here  defcribed: 
For  tho*  the  Periods  of  the  Planets,  and  their 
Diftances  from  the  Sun,  as  here  laid  down,  are 
not  exadly  true^  yet  they  are  neareft  the  Truth 
in  round  Numbers.  Again,  tho*  the  Paths  they 
defcribe  are  not  perfed  Circles,  concentric  to 
the  Sun,  and  the  Motion  of  the  fame  Planet  not 
perfectly  equable;  yet  the  difference  is  fo  fmall, 
that  they  need  not,  at  prefent,  be  taken  other- 
wife  ;  till  by  Obfervations  and  Methods  of  ufing 
them,  hereafter  to  be  fliewn  in  their  proper 
places,  all  thefe  things  ftiall  be  precifely  and 
exa^ly  fettled,  and  thefe  niceties  examined  ^  or, 
at  leaft,  till  the  fame  are  purpofely  handled,  in 
order  to  inquire  into  their  Phyfical  Caufes. 

Proposition  IL 

TO  defcrihe  the  'Phenomena  that  arife  fiom  tht 
fituation  of  the  Sun  ^nd  motion  of  the  Earth , 
ds  related  above, 

Firft,  If  the  Obferver  be  fuppos'd  to  be  placed 

in  the  Sun,  'tis  evident  the  Earth  will  feem  to 

him  to  move  from  Weft  tp  Eaft  perpetually,  as 
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really  it  does.  Then  fince,  befides  the  Earth,  our 
Obferver  fees  the  Fixt  Stars  plac  d  round  him^ 
as  it  were  (the  nature  of  the  Eye  requiring  it) 
in  a  concave  Sphere,  that  has  the  Eye  for  its 
Center  ;  'tis  likewife  evident,  that  he  will  ob- 
ferve  the  Earth  moving,  as  it  were,  among  the 
Fix:t  Stars,  and  approaching  nearer  and  nearer 
the  more  Eaftern  ones3  till,  in  a  Year's  fpace, 
having  compleated  its  Revolution,  it  returns  to 
the  fame  place  among  them  again.  And  be- 
Caufe  the  Earth  always  goes  the  fame  track 
over  again,  the  Obferver  will  take  efpecial  no- 
tice of  the  Stars  the  Earth  paffes  over  ;  alfo  the 
Plane  of  the  Earth's  Orbit,  and  the  Circle  in 
the  Sphere  of  the  Fixt  Stars,  called  the  Ecllpticy 
made  by  that  Plane ;  and  this  will  be  a  great 
Circle,  becaufe  it  paffes  thro'  the  Sun,  or  Eye, 
which  is  the  Center  of  that  Concave  Sphere 
that  terminates  the  Sight.  But  if  che  Obferver, 
for  the  advantage  of  making  Obfervations, 
imagines  this  Ecliptic  divided  into  twelve  equal 
Parts,  or  Signs,  calling  them  by  the  name  of 
any  neighbouring  Conftellation,  or  Figure 
thofe  Stars  feem  to  make  •  in  this  cafe,  I  fay, 
f  Fi^.  2.]  the  Earth  will  feem  to  move  from 
T  to  ^,  and  from  thence  to  3r,  and  fo  on  ,• 
from  Weft  to  Eaft,  thro*  all  the  Signs,  till  it 
return  to  T  again. 

Secondly,  If  you  imagine  the  Obferver  to  be 
removed  from  the  Sun  to  our  Earth,  if  the 
Earth  be  at  ^,  where  it  is  feen  from  the  Sun 
among  the  Fixt  Stars,  at  Y;  the  Sun  will  ap- 
pear, when  feen  from  the  Earth,  in  the  oppofite 
Sign  zChy  among  the  Fixt  Stars  •  the  Earth  being 
then  the  Center  of  the  Sphere  of  the  Fixe  Stars : 
For  the  place  of  the  Eye  is  the  Centre  of  a 
Sphere^  on  whofe  furface  the  Stars  are  con- 
ceived 
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ceiv'd  to  be  plae'd.  If  the  Earth  be  moved 
from  A  thro*  By  to  C,  in  its  Orbit^  or  if  look'd 
upon  from  the  Sun,  from  Y  thro'^,  to  3i, 
in  confequentiay  or  according  to  the  order  of  the 
Signs ;  the  Sun,  to  an  Obferver  on  our  Earth, 
that  thinks  the  place  he  (lands  upon  immovable, 
will  appear  to  move  among  the  Fixt  Stars,  ac- 
cording to  the  order  of  the  Signs  alfo,  from:^, 
thro'  m ,  to  / ,  &c.  in  the  fame  Plane,  during 
the  fame  time,  and  tovi^ards  the  fame  Region  of 
the  Heavens,  as  the  Earth  feen  from  the  Suri 
does,  but  in  the  oppofite  Points  of  the  Ecliptic. 
SCHOLIUM. 
The  like  Phaenomena  happen  in  refped  of 
the  Sun  and  any  other  Planet;  nay  indeed,  the 
very  fame,  excepting  that  the  time  of  that  Pla- 
nets revolution  about  the  Sun,  or  the  Sun  s  ap- 
parent revolution  about  the  Planet,  when  view'd 
from  that  Planet,  is  various,  according  to  the 
different  Period  of  each,  mention'd  in  the  fore- 
going Propofition  *  and  that  the  Plane  of  the 
Orbit  of  that  Planet  produced,  will  cut  other 
Stars  than  thofe  which  the  Plane  of  the  Earth's 
Orbit  does,  when  produced ;  and  confequently, 
that  the  Path  of  the  Sun  among  the  Fixt  Stars, 
feen  from  any  other  Planet,  is  different  from  its 
Path,  when  feen  from  the  Earth,  that  is,  from 
the  Ecliptic. 

Proposition  III. 

TO  defcrlhe  the  Vbanomena  of  the  Vlanets  fern 
from  the  SuHy  arifing  from  their  Motion  in 
Orbit Sy  Tvhofe  V lanes  ^re  inclind  to  the  Flane^  of  the 
Ecliptic, 

Since  the  Orbits  of  the  Earth  and  Planets  are 
fo  fituated,  as  that  their  Planes  are  inclin  d  to 
each  other,  and  interfed  each  other,  (as  was 
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fhown  in  general  in  Trop.  i.)  in  right  Lines  paf- 
fing  thro'  the  Sun ;  the  Inclination  of  the  Plane 
of  the  Orbit  of  each,  to  the  Plane  of  the  Eclip- 
tic, or  Earth's  Orbit,  is  to  be  taken  into  confi- 
deration,  in  explaining  the  Phaenomena  of  the 
Planets  viewed  from  the  Sun.  For  the  Plane  of 
the  Ecliptic  is  taken  by  Aftronomers  as  the 
Standard  to  which  the  Planes  of  the  other  Or- 
bits are  judged  to  iftcline  ;  and  that  with  very 
good  reafon,  fince  it  is  that  in  which  the  Earth 
(the  habitation  of  tHe  Aftronomer)  moves  round 
the  Sun,  or  in  which  the  Sun  fee ms  to  move 
round  the  Earth  :  And  an  Obferver  placed  in 
any  other  Planet,  would  make  the  Plane  of  that 
Planet's  Orbit,  the  Standard  of  all  the  reft,  and 
confider  them  as  inclin'd  to  it. 

The  right  Line  which  paffes  thro'  the  Sun, 
and  is  the  common  Sed:ion  of  the  Plane  of  the 
Orbit,  with  the  Plane  of  the  Ecliptic,  is  call'd 
the  Line  of  the  Nodes  of  that  Planet,  and  the  Pointsf 
themfelves,  wherein  the  Orbit  of  the  Planet  cuts 
the  Ecliptic,  are  call'd  theAW^j.  Thus,  [%.;.]  let 
iOr  £  f  be  the  Plane  of  the  Orbit  of  the  Earth 
produced  indefinitely,  N?n  the  Orbit  of  any 
Planet,  interfering  the  Plane  of  the  former  Or- 
bit or  Ecliptic  in  N^and  n,  which  are  the  Nodes 
of  that  Planet^  fo  as  that  one  part  N?n  of  that 
Orbit  be  fappos'd  above  the  Plane  of  this  Scheme, 
and  the  other,  npNy  below  it,  (which  makes  it 
look  like  an  Ellipfe:)  The  right  lAntNn  joining 
the  Nodes,  being  the  common  Sedion  of  thS 
Plane  of  the  Orbit  of  the  Planet  with  the  Plane 
©f  the  Ecliptic,  is  the  Line  of  the  Nodes. 

'Tis  evident  then,  that  if  a  Planet  be  feeri 

from  the  Sun,  when  it  is  in  one  of  the  Nodes,  a§ 

jST^it  will  appear  to  be  in  the  Plane  of  theEclip- 

$.ic,    Biit  when  gone  forwards  as  far  as  p,  it  will 
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feem  to  deviate  from  the  Ecliptic:  and  (by  Def* 
y.  Elem.%1.)  the  Inclination  of  the  right  Lin« 
,0P,  to  the  Ecliptic,  and  confequently  of  the 
Planet  at  P  feen  from  the  Sun,  caii'd  the  Planets 
Helio'cetf trie  Latitude y  is  meafur'd  by  the  Angle 
TOE,  where  P£  is  fup'pos'd  to  be  a  perpendicular 
let  fai  from  P  to  the  Plane  of  the  Ecliptic.  This 
Heliocentric  Latitude  is  continually  upon  the 
iflcreafe,  till  the  Planet  is  got  as  far  as  L,  its 
Limit ;  where  it  is  equal  to  the  Inclination  of 
the  Plane  of  the  Planet's  Orbit,  to  the  Plane  of 
the  Ecliptic.  But  during  the  Planet's  paffage 
from  thence  to  the  other  Node  w,  it  is  decre^a- 
fmgy  till  at  laft  it  vaniflies  at  theNode.  Having 
pa&d  the  Node  «,  it  begins  again,  chang- 
ing its  name,  becaufe  'tis  towards  the  con* 
trary  parts  of  the  Ecliptic,  and  grows  bigger 
and  bigger,  till  the  Planet  has  arrived  at  the 
other  Limit  /,  from  whence  again  it  grows  left 
and  lefs,  till  it  vaniflies  at  the  other  Node  N". 

The  Orbs  of  the  Planets  (that  is,  the  Planes  of 
their  Orbits)  are  inclind  to  the  Ecliptic  in  the 
following  manner  :  The  Orb  of  Saturn  makes 
an  Angle  of  2  ^  Degrees ;  Jupiter,  i  f  Degree ; 
Mars,  a  little  lefs  than  2  Degrees;  Venus,  fome- 
ihing  above  5  ~  Deg.  Mercury  almoft  7  Degrees, 
An  account  of  the  Pofition  of  the  Line  of  the 
Nodes  of  each  Planet  fhall  be  given  in  a 
more  proper  place.  We  have,  in  thefe  two  laft 
Proportions,  confider'd  the  Planets  as  they  ap- 
pear to  one  placed  in  the  Sun:  becaufe  it 
was  neceffary  to  the  underftanding  theirMotiosi 
when  view'd  from  the  Earth. 
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Proposition  IV. 

TO  defcrihe  the  Vhanomenii  arifing  from  the  Mo'^ 
tion  of  the  Earthy  and  inferior  Vianet s^  Venus 
and  Mercury^  when  ^iew'd  from  the  Earth. 

Since  Venus  and  Mercury  revolve  about  the 
Sun,  in  lefler  Orbits  than  the  Earth,  as  you  fee 
in  the  Scheme,  \_Fig,  4.]  where  Treprefents  tfie 
Earth,  carried  in  its  Orbit  T  $  .  from  Weft  tp 
Eall I  zn&ACEG,  the  Orbit  defcrib'd  by  Venu? 
in  a  lefs  fpace  of  Time  the  fame  way  ;   'tis  evi- 
dent, that  when  Venus  is  in  D  E  F,  that  part  of 
its  Orbit  that  is  fartheft  off  the  Earth,  it  will 
appear  to  us  on  the  Earth  to  move  in  confequtntia, 
or  according  to  the  order  of    the  Signs,  and  is 
't][XQn  faid  to  be  DlreB,       When  it  is  in  G,  mo- 
ving from  thence  to  H,  it  will  appear  to  move 
as  fwift  as  the  Sun,  becaufe  then  its  Motion 
tends  dired:ly  towards  the  Earth,  and  it  does 
not  feem  to  move  at  all,  but  as  its  Orbit  is  car- 
ried along  by  the  Sun,  whofe  Motion  is  toward? 
.the  Eaft  :    Venus  moves  now  therefore  flower 
..than  before,  but  is  ftill  DirecfV.     When  it  is  got 
.beyond  Hin  its  Motion,  thro'  ^^  to  B,  it  pafles 
;  between  the  Earth  and  Sun,     begaufe    it  is 
-nearer  to  us  than  the  Sun,  and  moves  fvyifter 
/rthan  the^Earth,  (the  caufe  of  which  we  fhall 
hereafter  affign,'*)  confequently  will  feem  to  us 
■to  change  its  Place  am.ong  the  Fixt  Stars,  and 
move  in  antecedentia^  or  contrary  to  the  order 
of  the  Signs,    and  then  it  is  faid  to   ht  Retro- 
gfade^    tho'  neally  Dired  ftill,  if  view'd  from 
:  f  he  Sun;    Between  Direifi:  and  Retrograde,  for 
inftance,    about  H,    ie   will  app€;af  Stationary y 
the  right  Lines  that  join  the  Earth  and  Venus, 
continuing    for    fome  fenfible'  time  parallel. 
Thus  likewife,  after  its  Retrogradation,  before 
\x  becomes  Dirsffi.again^  it  will  appear  Stati- 
onary 
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onary  afecond  timCj  apd  is  Stationary  in  order 
to  its  being  Dired,  as  it  was  before  in  prder 
to  its  being  Retrograde  at  H.  In  all  this  ^ftair, 
regard  is  to  be  had  to  the  Motion  of  the  Earth, 
for  Venus  is  Dired,  Stationary  or  Retrogr^dje, 
Recording  as  it  is  pofited  in  fuch  parts  of  its 
iOrbit  as  have  the  fame  relation  to  the  Earth  iji 
its  Motion  as  the  Points  aforementioned  have. 
From  what  has  been  faid^  'xk  evident  that  Venus, 
when  Retrograde,  as  at^^,  is  nearer  to  the  Earthy 
and  confequently  appears  bigger  than  at  other 
times ;  or  the  contrary  when  Dired,  as  at  E,  it 
is  farther  off,  and  confequently  appears  left. 

And  becaufe  Venus  moves  round  the  Sun  at  a 
lefs  diftance  than  the  Earth  j  'tis  evident  that 
it  will  feem  always  to  attend  the  Sun,  fome- 
times  to  go  to  the  Weft  of  it,  fomerimes  to  the 
Eaft ;  all  the  Heavenly  Bodies  feeming  to  be  at 
an  equal  diftance  from  the  Eye  of  the  Spedator. 
This  digreffion  to  the  Eaft ward  or  Weftward  of 
the  Sun  is  call'd  the  Elongation ,  and  is  meafured 
by  theAngJe  contain'd  under  a  right  Line  drawn 
from  the  Eye  to  the  Sun  and  Venus,  which  is 
never  greater  than  the  Angle  0  TC  or  ©  TG, 
if  the  Lines  TC  pr  TG,  when  drawn,  are  Tan- 
gents to  the  Orbit  A  D  F.  Confequently  the 
Elongation  of  Venus  will  never  be  above  half 
a  Quadrant  from  the  Sun,  as  is  evident  from 
the  Semidiameters  laid  down  in  Frop,  i.  And 
when  it  has  arrived  to  its  fartheft  Elongation 
it  will  return  to  the  Sun,  and  pafs  as  far  be- 
yond on  the  other  fide  as  if  its  Motion  were 
Pfcillatory. 

Mercury  has  all  the  fame  Phsenomena^  but  its 
Diredions,  Stations,  and  Retrogradations  hap- 
pen oftner,  becaufe  it  finifhes  its  Courfe  in  a 
»]iorter  time^  and  confequently  overtakes  the 

■ "  Earth, 
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Earth  oftner  than  Venus.  And  fince  Mercury'$ 
Orbit  is  lefs  than  that  of  Venus,  its  greateft 
Elongations  muft  be  alfo  lefs,  and  it  muft 
be  a  nearer  and  more  conflant  attendant  of  the 
Sun,  being,  by  Frop,  i.  never  a  whole  Sign  di- 
ftant  from  it,  and  confequently  feldom  to  be 
feen  by  us. 

Proposition  V. 

TO  defcrihe  the  Vhanomena  of  the  Latitude  of 
the  inferior  Tlanets  feen  from  the  Earth. 
Let  Ti  t  be  the  Earth's  Orbit,  whofe  Plane  is 
the  fame  with  that  of  the  Ecliptic  ;  [Fig.  f.] 
and  let  N  9  «  be  the  Orbit  of  an  inferior  Planet, 
for  inftance  Venus,  whofe  Plane  is  inclined  to 
that  of  the  Ecliptic,  and  therefore  will  look 
like  an  Ellipfe,  whofe  greater  Axe  is  the  inter- 
feiftion  of  the  Planes,  or  Line  of  the  Nodes  Nn. 
And  while  Venus  is  in  $ ,  let  the  Earth  be  in  T\ 
m  which  fuppofition  Venus  will  be  neareft  the 
Earth,  and  Retrograde,  by  Trop.  iv. 

*Tis  evident  from  Def.  f.  Elem.  xi.  that  th^ 
Inclination  of  the  right  Line  ?  7^  to  the  Plane 
of  the  Ecliptic,  or  the  Latitude  of  Venus  in  9 , 
feen  from  the  Earth  (which  is  hereupon  called 
the  Geocentric  Latitude)  is  meafured  by  the  Angle 
S  T'E,  the  right  Line  S  £,  being  made  perpen- 
dicular to  the  Plane  of  the  Elliptic.  If  Venus  he 
fuppos'd  to  continue  in  9 ,  and  the  Earth  to  be 
at  f,  in  which  fuppofition  Venus  is  Direct,  and 
furtheft  off  the  Earth  ^  the  Geocentric  Latitude 
of  Venus  will  be  the  Angle  ?  t  E,  lefs  than  9  TE, 
almoft  in  the  ratio  of  3"  9  to  /  9 ,  the'  the  Helio- 
centric Latitude  of  Venus  be  in  both  cafes  the 
fame. 

And  all  that  has  been  now  faid  is  true  of 

Mercury  as  well  as  of  Venus ,  coafeq[uently  all 

•  '  other 
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pthcr  eircumftances  being  aUkc,  the  Latitude 
q{  the  inferior  Planets  is  greater,  when  they  are 
Retrograde  and  neareft  the  Earth ;  lefs,  when 
Direct  and  fartheft  off. 

Moreover  if  any  inferior  Pianette  nriofl  Retro- 
grade and  neareft  the  Earth,  and  at  the  fame  time 
in  or  near  a  Node,  it  will  be  found  diredly  be- 
tween the  Obferver  and  the  Sun  :  If  it  be  at  a 
<:ohfiderable  diftance  from  a  Node,  it  will  pais 
the  Sun  to  the  Northward  or  Southward  of  him. 
In  like  manner,  if  it  be  moft  Dire(5t  and  fartheft 
off  the  Ealrth,  and  be  alfo  near,  or  in  a  Node,  it 
^vvill  be  cover'd  by  the  Sun ;  if  it  be  otherwijfQ 
fituated,  it  will  pafs  on  one  fide  of  the  Sup. 

Proposition  VI. 

TO  explain  the  Vhanomena  of  the  Inferior  Tta^ 
netSy  arijing  from  their  being  opake-^  Spherical 
Bodies  enlighten  d  by  the  Sun. 

Since  all  the  Planets,  as  well  as  the  Earth, 

'^re  opake  Spherical  Bodies,  refled:ing  the  Rays 

of  Light  that  fall  upori  them  every  way,  'tis  evi-. 

•dent  that  that  half  of  each  Planet  which  is  ex- 

"pofed  or  turn'd  to  the  Sun,  is  enlighten'd  by 

it,  while  the  other  half,  which  is   turn'd  from 

fhe  Sun,  is  in  darknefs.      And  ifince  that  half 

only  which  is  tov/ards  the  Earth  is  feen  by  the 

Obferver,  if  we  confider  which  Face  of  Venus  is 

enlightened  in  this  or  that  firuation  in  refpedof 

the  Sun,  together  with  the  Face  that  is  vifible  at 

jthe  Earth,  [Fig,  6.]  in  tile  part  T  of  its  Orbit 

irg ,  it  will  be  manifeft,  that  whenVenus  is  inA^ 

that  is,  moft  Retrograde  and  neareft  to  us,  it 

}s  not  vifible  at  all,  having  its  dark  Face  turnd 

to  us :  And  if  Venus  were  at  the  fame  time  m 

the  Plane  of  the  Ecliptic,  that  is,  in  one  of  its 

Nodes,  it  would  appear  like  a  Spot  in  the  Sun, 
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being  fituated  dire<ftly  between  the  Earth  and  \ 
Sun,  by  the  foregoing  Propofition. 

When  Venus  is  got  into  the  fituation  5,  that 
is,  begins  to  be  Retrograde,  if  view'd  from 
the  Earth,  then  fome  part  of  the  enlighten'd 
half  is  turn  d  towards  the  Earth,  tho*  the  greater 
remaining  part  belongs  to  the  obfcure  half. 
And  becaufe  Venus  is  of  a  fpherical  Figure,  and 
appears  like  a  Plane,  its  enlightened  part  will 
appear  Horned,  and  thofe  Horns  turned  towards 
the  Weft,  or  from  the  Sun. 

When  Venus  is  at  C,  half  the  enlightejvd^art 
will  be  feen  by  us,  and  then  it  is  faid  to  be 
half  Full ;  at  D  it  is  faid  to  be  Gibbous,  above 
half  the  enlighten'd  part  being  vifible  ;  and  at 
E,  where  it  is  fartheft  off  the  Earth,  and  moft 
Dired  in  its  Motion,  it  appears  Full,  all  the 
enlighten  d  Hemifphere  being  turned  towards 
us. 

Fentfs  will  have  the  fame  variety  of  Phafes  in 
its  paffage  thro'  F,  G,  and  i/,  that  is,  it  will  be 
Gibbous  at  F,  half  Full  at  G,  and  Horned  at  H, 
with  its  Horns  turned  from  the  Sun,  that  is,  in 
the  prefent  cafe,  looking  towards  the  Eaft,  ex- 
aftly  contrary  to  what  they  were  when  it  was 
at  B. 

For  the  better  underftanding  of  this  matter, 
we  have  delineated  the  feveral  Phafes  of  Venus, 
as  they  appear  to  us,  in  the  Scheme  [Fig-.  7.]  ; 
where  the  fame  Letters  are  ufed  that  were  in 
the  Diagram  ^Fig.  6.]  reprefenting  its  Phafis 
when  it  was  in  that  part  of  its  Orbit,  marked 
by  the  fame  Letter.       Thus,  in  this  Scheme, 

SFig,  7.]  at  the  Point  J,  it  is  drawn  all   ob- 
cure,  becaufe  that  is  its  condition  in  refped 
of  the  Earth  atT^  when  Venus  is  aty4,  in  the  for- 
uier  Diagram.      At  B  it  is  reprefeated  Horned, 
■  ^  ^     •-        -   •       ■  be-- 
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becaufe  it  appears  fo,  when  it  is  at  B,  in  the 
former  Scheme,  and  look'd  upon  from  the  Earth 
at  Ty  and  fo  on  in  the  other  cafes  of  C,  D,  &c. 

The  HkePhaenomena  will  appear  in  Mercury, 
regard  being  had  to  its  Orbit  and  Revolution. 
SCHOLIUM. 

As  the  Phasnomena  defcribed  in  the  three  laft 
Propofitions^manifeftly  follow  upon  theSituation 
and  Motion  of  the  Earth,  Venus  and  Mercury, 
laid  down  in  Vrop.  i.  So  it  follows  converfely, 
that  the  Obfervation  of  thefe  Phsenomena  in 
them^  eftablifiies  and  confirms  that  Order  and 
Situation,  namely,  that  Venus  and  Mercury  re- 
volve about  the  Sun,  in  Orbits,  that  are  included 
within  the  Earth's  Orbit. 

Proposition  VII. 

TO  dtfcrihe  the  Thanomena  arijing  from  the 
Motion  of  the  Earth,  and  of  the  fuperior  F la- 
net  s.  Mars,  Jupiter,  and  Saturn.     [^Fig.  8.] 

Let  M  S  he  the  Orbit  of  any  one  of  the  fupe- 
riorPlanets;  for  inftance  Mars,  ^CJGtheOr- 
bit  of  the  Earth,  nearer  to  the  Sun,  'Tis  evident, 
firft,  that  this  Planet  will  not  always  attend  the 
Sun,  but  fometimes  be  diametrically  oppofite 
to  it :  For  the  Earth  finifhing  its  Revolution 
fooner  than  any  of  the  fuperior  Planets,  will 
fometimes  be  exadly  between  the  Sun  and 
that  Planet-  thus,  when  Mars  is  in  M,  the 
Earth  may  be  at  //;  and,  to  fpeak  univerfally, 
the  Angle  at  the  Earth,  made  by  lines  draws 
thence  to  the  Sun  and  that  Planet,  may  be  equal 
to  any  given  one. 

Let  us  fuppofeMars  to  be  in  M,  and  the  Earth 
at  the  fame  time  in^-  Mars  in  this  cafe  will 
appear  Stationary,  in  order  to  its  being  Dired, 
becaufe  the  right  Lines  that  join  the  Earth  and 

Planet 
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Planet  at  that  moment^  will  continue  parallel 
for  fome  fenfible  time  •  during  the  whole  of 
which,  notwithftapdipg,  M[^rs  will  feem  to  go 
forwards,  as  ufual,  if  view-ed  from  the  Sun. 

While  the  Earth  moves  along  ti^ro'  B,  C,  D,  JE, 
Pand  G,  Mars  likewifc  will  feem  to  go  forwards 
among  the  Fixed  Stars,  upon  a  double  account  j 
firft,  becaufe  it  really  does  move  about  the  Sun, 
in  confequentia  *j  and  then  again,  becaufe  the 
Earth  in  the  oppofite  Semicircle  is  carried  the 
fame  way,  and  about  the  fame  Center  :  And, 
confequently.  Mars  in  this  cafe  being  moft  re- 
mote from  the  Earth,  and  in  conjundion  with 
the  Sun,  view'd  from  the  Earth,  will  feem  to 
move  fafter  than  ordinary,  in  confequennay  ancj 
become  Dired.  But  when  the  Earth  is  arrived 
to  the  Point  G,  in  refped  of  Mars  at  M  (which 
fome  time  or  other  will  happen,  tho*  Mars  be 
carried  in  the  mean  while  about  the  Sun,  name- 
ly, when  the  Earth  has  almoft  overtaken  Mars) 
Mars  will  again  become  Stationary,  in  order  to 
its  being  Retrograde,  as  it  will  be  foon  after. 
For  when  the  Earth  in  its  Motion  from  G, 
thro'  H  to  Ay  has  pafs'd  Mars,  and  that  Planet 
is  feen  in  oppofition  to  the  Sun,  and  biggeft, 
becaufe  neareft  the  Earth,  which  is  lower  and 
fwifter,  will  make  Mars  appear  to  move  in  ante- 
cedentia  from  S  thro'  ^  to  P  y  whereas  in  the 
mean  while  viev/d  from  the  Sun,  it  feem'd  to 
move  as  always  before,  in  confeque7ttia. 

The  like  Phenomena  will  happen  to  Jupiter 
and  Saturn,  excepting  that  Saturn  s  Retrograda- 
tions  are  more  frequent  than  Jupiter's,  and  Ju- 
piter's than  Mars's:  becaufe  the  Earth  oftner 
overtakes  Saturn  than  Jupiter,  and  Jupiter  oftner 
than  Mars,  and  paffes  between  them  and  the 
Sun. 

Pro- 
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Proposition  VIIL 

TO  defer  ibe  the  Vhanomena  of  the  Latitude  ofths 
Superior  Vianet s  feenfrom  the  Earth, 
Let  the  Earth's  Orbit  be  r  f  S  ^  \_Fig.  9.]  that 
of  any  fuperior  Planet  as  Mars  6  MyVJhok  Plane 
is  inclined  to  that  of  the  Ecliptic,  and  cuts  it  in 
the  Line  of  the  Nodes  NQ)ni  Let  the  fituation 
of  Mars  and  the  Earth,  to  the  Sun,  be  fuch,  as  that 
Mars  being  in  S ,  the  Earth  may  be  in  T,  almoft 
between  Mars  and  the  Sun^  in  which  cafe  Mars 
is  both  neareft  the  Earth,  and  confequently  big- 
geft  and  moft  Retrograde,  as  was  fhown  in  the 
foregoing  Trofof     Its  Geocentric  Latitude  will 
be  meafured  by  the  Angle  S  TE^  (S  E  being  fup- 
pbs'd  perpendicular  to  the  Plana^ofthe  Ecliptic. 
But  if  Mars  continuing  in  the  fame  fituation  in 
its  own  Orbit,  and  confequently  having  the  fame 
Heliocentric  Latitude,  the  Earth  being  fuppofed 
be  in  ?,   the  Sun  being  between  it  and  Mars  • 
in  which  Cafe,  by  the  foregoing.  Mars  will  be 
farcheft  off,   and  confequently  leaft,  and  moft 
»  Dired  in  its  Motion;    Its  Geocentric  Latitude 
meafured  by  the  Angle  StEy  is  always  lefs  than 
the  Angle  c?  TE,  in  the  ratio  of  the  Diftances  of 
«he  Earth  from  Mars,  that  is,  of  the  right  Lines 
TS  ^tS ,    Thus  in  whatever  fituation  Mars  and 
the  Earth  be  placed,  in  refped  of  the  Sun,  its 
Geocentric  Latitude  will  be  changed,  fo  as,  ca- 
terls  farihus,  it  will  be  lels  as  Mars  is  nearer  to 
a  Conjundion  with  the  Sun,  and  its  fwifteft  di- 
red  Motion ;  and  greater,  as  it  is  nearer  its  Re- 
trogradation  and  Oppofition  to  the  Sun. 

'Tis  evident  from  what  has  been  faid,  that 
none  of  the  Superior  Planets  can  ever  be  feen 
from  the  Earth  to  cover  the  Sun;  tho'  any  of 
them  may  be  covered  by  the  Sun,  when  it  is 
Dired  and  pretty  near  a  Nod^. 

P'R  Q^ 
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Proposition  IX. 

TO  defcrlhe  the  Vhdnomena  of  the  Superior  Tla- 
ncts^  arifing  from   their  being  Opake  Bodies^ 
and  enlightned  by  the  Sun, 

Saturn  and  Jupiter  being  Opkke  Bodies,  abd 
illuminated  by  the  Sun^  that  h^lf  of  each  Pla- 
net which  is  turn'd  towards  the'  Sun,  (that  is, 
the  illuminated  half)  is  likewife  turn  d  to- 
wards the  Earth,  which  is  never  far  off  from  the 
Sun,  or  Center  of  Saturn  and  Jupiter's  Orbit : 
For,  by  Prop.  i.  Jupiter's  diftance  front  fhe 
Sun  is  above  five  times,  and  Saturn's  almof? 
ten  times  greater  than  the  Earth's  diftance  froiji' 
it. 

In  Mars  indeed  it  is  fomething  dijBFerent :  For 
the  diftance  of  Mars  from  the  Sun  being  but 
half  as  much  more  asthe'Earth'sDiftancefrom  it^ 
Its  inlighten  d  Hemifphere,  towards  the  Sun, 
is  not  always,  as  to  Senfe,  turn  d  towards  the 
Earth.  iFig.  lo.]  Let  T  be  the  Earth's  place  in 
its  Orbit  T^  ,  'tis  evident  that  Mars  being  at  A  * 
or  B,  in  Conjunilion  or  Oppofition  to  the  Sun, 
has  the  fame  Face  towards  the  Earth,  as  it 
has  towards  the  Sun,  that  is,  its  enlightened 
one,  and  confequently  appears  Full  j  but  in  the 
iituation  of  the  Points  jD  or  C  (when  the  Angle 
Oct;  or  GDT" is greateft,  or  when  ©rc,  or 
0  TD  is  almoft  a  right  Angle)  neither  is  the 
whole  enlighten'd  Face  feen,  nor  is  that  Face  that 
is  feen  entirely  illuminated,  but  it  appears  Gib- 
bous, the  light  being  deficient  a  little  towards 
thofe  parts  that  are  turn'd  from  the  Sun. 
SCHOLIUM. 

As  the  Pha^nomena  defcribed  in  thefe  three 
laft  Propofitions  follow  from  the  Order  and  Mo- 
tion of  the  Earth,  Mars,  Jupiter,  and  Saturn, 

laid 
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laid  down  in  Trop.  r.  So  by  the  converfe  of 
them,  the  Obfervation  of  thefe  Phenomena 
fettles  and  eftabliflies  that  Order. 

Proposition  X. 

TO  defcrihe  the  Vhanomena  of  the  Motion  ofCo-* 
metSy  feenfrom  the  Earth, 
Becaufe  different  Comets  have  different  Or- 
bits, which  can't  be  determin'd  tillfomc  Obfer- 
vations  have  been  made  about  them  :  'Tis  evi- 
dent that  during  their  defcent,  near  their  Peri- 
helium,  or  while  they  are  in  that  part  of  their 
Orbit,  which  is  within  the  Region  of  the  Pla- 
nets, they  have  the  fame  Ph^nom^na  as  the 
Planet  next  them  has,  regard  being  had  to  the 
Velocity  and  Inclination  of  the  Orbit  of  the 
Comet. 

<^onlequentIy  a  Comet's  apparent  Path  a- 
mong  theFixt  Stars,  will  be  nearly  a  Great  Cir- 
cle; excepting  that  its  deviation  from  it,  on  this 
or  that  fide  of  it,  will  be  like  that  of  a  Planet, 
according  as  the  Motion  of  the  Earth  is,  which 
,  carries  along  with  it  the  Spe(5tator.  For  were  the 
Comet  view'd  from  the  Sun,  it  would  defcribe 
a  Great  Circle  among  the  Fixt  Stars  accurately. 
But  its  deviation  from  one,  on  the  account  of 
the  Motion ^of  the  Earth  round  the  Sun,  wilj 
not  be  very  fenfible  in  a  fmall  fpace  of  time. 

If  the  Earth  happen  to  be  between  the  Sun 
and  a  Comet,  that  moves  in  confequentia^  the 
Comet  will  be  Retrograde ;  for  the  Earth 
moves  fo  much  the  fwifter,  as  the  right  lines  that 
conned  the  Earth  and  Comet  converge  towards 
the  Region  beyond  the  Comet :  But  if  the 
Earth  moves  flower,  then  the  Comet's  Motion, 
by  taking  away  the  Earth's  Motion,  likewife  be- 
comes flower  :   But  if  the  Sun  be  between  the 

C  Earth 
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Earth  and  the  Comet,  the  Comet's  Motion  will 
appear  fwifrer  than  really  it  is.  On  the  con- 
trary, the  Comets  that  move  in  antecedentia  are 
fwifrer  than  they  fhould  be,  when  the  Earth  is 
between  them  and  the  Sun ;  and  flower,  or  per- 
haps moving  according  to  the  natural  Order  of 
the  Signs  in  appearance,  when  the  Earth  is  fitu- 
ated  on  the  contrary  fide.  All  this  happens 
from  the  Motion  of  the  Earth,  and  its  various 
Pofjtion,  as  it  docs  in  the  Planets ;  that  are,  ac- 
cording as  the  Motion  of  the  Earth  falls  in  with, 
or  is  contrary  co  their  Motion,  fomctimes  Re- 
trograde, foraetimes  Slower,  fometimes  fwifrer 
than  they  fhould  be,  as  has  been  ftiewn  in  Vrop, 
iv  and  vii.  Thofe  Phaenomena  will  be  moft  fen- 
fible,  and  eafily  taken  notice  of,  a  little  before 
the  difappearance  of  the  Comet  •  its  apparent 
Motion  being  at  that  time  flower,  and  the 
Earth's  Motion  proportionably  greater,  with 
which  the  Spedator  is  carried. 

The  Latitude  of  the  Comet  like  wife,  ceteris 
paribus^  is  varied  by  the  diiFerent  Situation  of  the 
Earth,  it  being  greater  in  Oppofition  ;  but  in 
Conjundlion  greater  or  kfs,  according  as  the 
Comet  is  between  the  Earth  and  Sun,  or  the 
Sun  between  the  Comet  and  the  Earth,  as  was 
4smonftrated  of  the  Planets  in  Trop,  v  and  viii. 
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Section   II. 
Of  the  Direftion  of  the  Forces,  which  re- 
tain the  Primary  Planets  in  their  Orbits. 


Proposition  XL 

IF  a  Body  he  moved  according  to  the  DireElion  of 
any  given  right  line  as  A  Zj  [Fig.  il.]  and  at 
the  fame  time  be  urged  by  a  Centripetal  Force  tend" 
ing  towards  a  certain  given  immoveable  Toint  as  S, 
fituated  'without  the  aforefaid  right  line  ;  the  Line 
defcrih*d  by  the  Body  "will  be  a  Curve ^  and  Concave  to^ 
wards  S,  lying  alt  of  it  in  the  fame  immoveable 
Tlane  faffing  thro'  the  right  line  A  Z  and  the  Foint  S: 
jind  the  Areas  contain  d  under  any  portions  of  the 
Curve  and  Right  lines  draivn  to  the  Center  S,  are  to 
one  another y  as  the  Times  wherein  thofe  fortio?is  of  the 
Curve  were  dejcrlbed. 

Let  the  Time  be  imagined  to  be  divided  into 
equal  parts ;  in  the  firfl;  of  which  let  the  Body 
defcribe  the  line  AB,  9.  part  of  A  Z,  by  its  Fis 
injita  alone^  by  which  it  tends  to  move  accord- 
ing to  the  Dire(5lion  of  the  Line  A  Z  ;  in  the 
fecond  part  of  Time  it  will  defcribe  the  Line 
B  c,  equal  to  the  former  J  5,  if  nothing  hinder 
it:  For  by  the  firfl:  and  chief  Law  of  Motion, all 
Bodies  once  put  into  Motion,  and  not  meeting 
with  any  Impediment,  will  continue  to  move 
uniformly  on,  in  the  fame  right  line  they  were 
firfl:  moved  in.  But  when  the  Body  is  arrived  at 
the  Point  B^  let  us  fuppofe  a  Centripetal  Force 
tending  towards  the  Point  5,  to  ad  upon  it  by 
a  fingle  impulfe,  fo  as  that,  had  it  been  impell'd 
only  by  that  Impulfe,  it  would  in  the  fecond 
part  of  Time  defcribe  the  line  B  G.  'Tis  evident 
C  z  that 
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that  drawing  the  Line  c  C  parallel  to  B  G,  thro' 
the  Point  Cy  and  GC  to  Bc^  thro'  G,  the  Body 
ac9:ed  upon  by  both  Impulfes  at  once^  will  ar- 
rive, in  the  fecond  part  of  time,  at  the  Point  C, 
defcribing  the  right  line  B  C.  For  as  it  is  well 
known  in  Mechanics,  a  Body  defcribes  the  Di- 
agonal of  a  Parallelogram,  both  the  Forces  corn- 
bin  d,  in  the  fame  time  as  it  would  do  the  Sides, 
with  the  Forces  feparated,  'Tis  certain  likewife 
that  the  right  line  B  C  is  in  the  Plane  of  the  Pa- 
rallelogram BGCc,  both  of  whofe  Sides  BG 
and  B  c  is  in  the  Plane  of  the  Triangle  ASB^ 
that  paffes  thro'  the  Center  5,  of  the  Centripe- 
tal Forces,  and  the  immoveable  right  line  A  Z, 
Befides,  the  Triangles  SC  5,  ScB  are  equal,  be- 
cause they  are  upon  the  fame  Bafe  BSy  and  be- 
tween the  Parallels  S  B^  C  c  -^  hvit  ScBy  S  B  A 
are  equal,  becaufe  their  Bafes  are  equal,  and 
height  the  fame:  Confequently  5B^,  SC  B  alfo 
are  equal.  By  the  fame  method  of  reafoning^ 
if  in  the  third  particle  of  Time,  a  Body  defcribes 
any  other  right  line  as  C  D  ^  it  may  be  proved 
that  the  Triangle  SCD  Is  equal  to  the  Triangle 
SBC^  and  that  the  right  line  CD  is  in  the  fame 
plane  with  the  right  lines  SB,  BC  ;  that  is,  in 
the  fame  with  that  which  is  drawn  through  the 
right  line  A  5,  and  the  Point  S.  And  fo  we 
ipay  go  on,  as  long  as  the  Motion  is  continued, 
and  in  equal  times  the  Area  defcribed  by  Radii 
drawn  to  the  immoveable  Center  of  the  Forces, 
will  be  equally  increafed  ;  and  by  compound- 
ing Ratios,  any  fums  of  Areas,  are  to  one  ano- 
ther, as  the  Times  wherein  they  are  defcrib'd. 
The  Line  defcrib'd  by  the  Body  will  be  in  the 
immoveable  Plane,  and  it  will  be  congave  to- 
v/ards  5",  becaufe  every  part  of  it  tbat  is  a 
right  line^  as^C^  declines  from  the  foregoing 
['■-       '  '     -    '    "  '  •  '     AB, 
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AB,  towards  the  Center.  If  you  fuppofe  the 
number  of  the  Triangles,  S  A  B^  S  BCy  SCD 
to  be  augmented,  and  their  breadth  to  be  di- 
minifhed  in  infinitum  i  their  Bafes,  AB^  BCyCD, 
will  form  a  Curve  Line,  concave  towards  the 
fame  pares,  and  lying  in  the  fame  Plane  ;  and 
the  Centripetal  Force,  which  before  aded,  as 
it  were  by  ftarts,  and 'at  equal  intervals  of  Time, 
whereby  the  Body  is  continually  drawn  off  from 
the  Tangent  of  that  Curve  (  which  the  bafes  of 
the  l^iangles  meafure)  now  ad:s  conftantly  : 
And  any  Areas  thus  defcrib'd  ,  S  A  B  C  S  y 
S  ABC  DE  Sy  will  be,  as  before,  proporti- 
onal to  the  Times  of  defcription.    ^  £.  D. 

Propositio]5t  XII. 

A  Body  mo'ved  in  a  Curve  Line  ABC  D, 
[Fig;  12.]  defcriyd  upon  aVlane^  and  con- 
cave  to7i>ards  the  jnmefarts^  and  by  a  Radius  draivn 
to  S,  an  immoveable  Vant  fituated  in  the  fame  Blant 
towards  the  Concavity  of  the  Curve,  defcribing  Areas 
frofortional  to  the  Timeiy  is  urged  by  a  Centripetal 
Force  tending  to  t^e  Foint  S. 

Let  fiich  a  Curve  be  imagined  to  be  divided 
into  the  parts  yi/  5,  BC^CD^  &c,  differing  as  little 
as  can  be  from  right  lines,  fo  as  to  be  defcribed 
ih  equa,l  Particles  of  Time  :  Let  the  Centripe- 
tal Force  likewife  be  conceiv'd  to  ad:  only  in 
the  points  Bfi^D^&c.  by  ftarts,  as  in  the  forego- 
ing Vrof,.  Let  A  B  be  produced  to  c,  fo  as  that 
Be  ht  equal  to  AB  i  in  like  manner  BC  to  d^ 
till  C  ^  be  equal  to  B  C  ,•  and  fo  on.  The  Tri- 
angle SAB,  will  be  equal  to  S  B  C,  becaufe,  by 
Hypothefis,  the  Areas  defcribed  are  proportion 
nal  to  the  Times ;  and  S  AB  is  equal  to  S Bc^ 
becaufe  A  B  h  ^qual  to  B  c  :  Wherefore  SBC 
h  equal  to  SBc,  and  confequently  (by  g9 
C  3  Eltm. 
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Ekm.  I.)  Cc  is  parallel  to  S  B,  Moreover,  the 
Eody  moved  along  A  By  in  the  firfl:  particle  of 
Time,  by  its  Vis  infita  alone  would  defcribe  B  r, 
in  the  fecond  ,•  but  it  really  does  defcribe  B  C, 
in  that  fecond  Particle  of  Time :  Wherefore 
the  Force  at^ing  in  the  Point  By  in  conjundioi> 
with  the  Vis  infita  to  carry  the  Body  along  BCy 
is  directed  according  to  a  Right  line  parallel  to 
Cc'y  that  is,  according  to  the  Right  line  B  S, 
After  the  fame  manner  the  Force  ading  in 
the  point  C,  and  in  conjundHon  with  the  Vi^ 
infitay  (  by  which  alone  the  Body  would  defcribq 
the  Line  Cd  in  the  third  Particle  of  Time)  car- 
rying it  in  the  fame  time  along  C  D,  is  di- 
reded  according  to  a  Right  line  parallel  to  dD^ 
that  is,  according  to  CS  :  But  the  Right  lines 
BS,  CSy  &c.  tend  towards  the  Point  S.  There- 
fore the  Centripetal  Force,  that  draws  the  Bo- 
dy oiF  from  the  Tangent  of  the  Curve,  ads 
along  right  lines  tending  to  the  immoveable 
Point  5.    ^  £.  P. 

Proposition  XIII. 

TH  E  Forces  whereby  the  Vrimary  TlanetSy  Mer^ 
curyy  Venusy  Marsy  JufiteYy  and  Saturriy  are 
drawn  off  from  their  Re^ilineal  Motionsy  and  kept 
in  their  Orbits y  do  not  tend  towards  the  Earthy  bnt 
towards  the  Sun. 

For  every  Body  that  is  moved  in  a  Curve 
Line,  is  turn'd  off  from  its  Rectilineal  courfe, 
thsLt  it  naturally  affeds,  by  fome  Force  or  o- 
ther.  And  it  is  evident  that  the  Planets  move 
in  Curve  Lines,  becaufe  their  Orbits  return  in- 
to themfelves.  Now  this  Force  exercifed  upon 
them,  does  not  tend  towards  the  Earth,  becaufe 
the  Orbits  of  two  of  them,  namely.  Mercury 
and  Venus,  do  not  furround  the  Earth,  as  is  evi- 
dent 
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dent  from  Trop,  vi ;  and  confequently  they  are 
not  concave  in  all  their  parts  towards  the  Earth  s 
Wherefore  (  by  Tro^.  xi.)  the  Forces  by  which 
they  are  kept  in  their  Orbits,  do  not  tend  to  it. 
Bcfides,  the  Primary  Planets,  viz.  Mercury, 
Venus,  Mars,  Jupiter  and  Saturn,  in  refped:  or 
the  Earth,  do  fometimes  go  forwards  from  the 
Weft  towards  the  Eaft,  fometimes  backwards 
from  the  Eaft  towards  the  Weft,  and  fometimes 
ftand  ftill :  But  the  time  in  which  thefe  Moti- 
ons are  performed,  always  flows  uniformly ;  and 
therefore  the  Areas  defcrib'd  by  a  Radius  drawn 
to  the  Earth  from  any  Planet,  are  not  propor- 
tional to  the  Times  of  defcription.  Confe- 
quently, by  the  foregoing  Propofition,  eacif 
Planet  is  urged  and  retained  in  its  own  Orbit, 
by  a  Force  that  does  not  tend  towards  the  Earth. 
But  (from  the  Scholium  to  Frop.  vi.)  'tis  certain, 
that  the  Orbits  of  Mercury  and  Venus  furround 
the  Sun ;  which  is  evident  like  wife  concerning 
the  Orbits  of  Mars,  Jupiter  and  Satu^^n,  from 
the  Scholmm  to  Trof.hi.  And  all  the  Planets,  in 
refped  of  the  Sun,  are  always  Diretfl  in  their 
Motion,  as  is  evident  from  Pro/?.  I ;  and  that  al- 
moft  uniformly,  Juft  as  the  Time  flows.  'Ti$ 
true  indeed,  the  Planets  move  a  little  fwifter  in 
fome  Points  of  their  Orbits,  even  in  refped  of 
the  Sun,  than  in  others,  as  fliall  be  fliewn  hereaf- 
ter ^  but  the  difference  is  fo  fmall,  as  it  may 
here  very  well  be  negledled.  But  even  at  thac 
time  the  Planets  are  nearer  to  the  Sun  (for  their 
Orbits  are  not  Circles  concentric  to  the  Sun) 
and  their  Motion  is  fo  temper'd,  as  that  the  A- 
teas  defcribed  by  Radii  drawn  to  the  Sun,  are 
equally  augmented,  as  will  appear  in  theXequel 
of  this  Subjed.  And  confequently  the  Forces, 
whereby  the  Planets  are  drawn  off  from  a  Redi-» 
C  4  lineal 
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lineal  Motion,    and  retained  in  their  Orbits, 
tend  towards  the  Sun. 

Proposition  XIV. 

THE  Forces,  hy  which  the  Comets  are  kept  in  their 
Traje^ories  (if  they  he  Curvilineal)  do  not  tend 
towards  the  Earth,  hut  towards  the  Sun. 

If  the  Trajedories  of  the  Comets  were  Right 
lines,  they  would  not  be  urged  by  any  Forces  at 
all  tending  to  a  point  fituated  without  thofe 
Right  lines  ^  for  if  they  were,  they  would  be 
drawn  off  from  a.  Rediiineal  Motion,  and  made 
to  defcribe  Curvilineal  Orbits,  by  Vrof.  xi.  And 
if  the  Trajedories  of  Comets  were  Curve  lines, 
yet  the  Force  by  which  any  fuch  Comet  is  re- 
tained in  that  Curve,  is  not  direded  towards  the 
Earth,  becaufe  the  Earth  is  generally  found  to 
be  without  the  Plane  of  that  Trajedory  ^  be- 
Udes,  in  refped  of  the  Earth,  the  Comet  is 
fometinfes  Dired  and  fometimes  Retrograde, 
and  confequently  does  not  defcribe  Areas  pro- 
portional to  the  Times :  Yet  in  refped  to  the 
Sun,  which  is  placed  in  the  Planes  of  all  their 
Trajedories,  a  Comet  always  moves  the  fame 
way,  and  the  ^nearer  the  Sun,  the  fwifter  ^  io 
as  to  encreafe  its  Area,  which  is  equally  defcri- 
bed  by  a  Radius  drawn  from  the  Sun :  Where- 
fore what  was  aflerted,  is  evident  from  Vro^,  xii. 


Section 
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Section   III. 

Of  the  Order,  Diftances,  and  Periods  of  the 
Secondary  Planets  revolving  about  their 
Primary  ones,  andtheir  Phaenomena^  to- 
gether with  the  Direftion  of  the  Forces, 
whereby  they  are  kept  in  their  Orbits. 


Proposition  XV. 

TO  defcrih'e  the  Order ^  and  Feriods  of  the  Secon- 
dary VlanetSy  or  Satellites^  about  their  Trimary 
Onesy  and  Difiances  from  them* 

Of  the  Six  Primary  Planets^  that  revolve  a- 
bout  the  Sun,  there  are  but  three,  as  wc  are  fure 
of  by  Obfervation,  that  have  Satellites,  or  o- 
thers  revolving  about  them,  hence  called.  Se- 
condary Planets.  The  Earth  has  one,  'viz.,  the 
Moon,  compleating  its  Revolution  in  ayf 
Days,  and  diftant  about  60  Semidiameters  of 
the  Earth  from  it. 

Jupiter  has  four;  the  inmoft  of  which  revolves 
i^  of  a  Day,  at  the  diftance  of  jf  Semidiame- 
ters of  Jupiter  from  his  Center;  the  fecond  re- 
volves in  3 1  Days,  at  the  diftance  of  9  Semidi- 
ameters ;  the  third  in  7-J-  Days,  at  the  diftance 
of  141  Semidiameters;  the  fourth  and  outermoft 
revolves  about  Jupiter  in  the  fpace  of  16  J  Days, 
being  diftant  from  his  Center  2  j  f  Semidiame- 
ters of  Jupiter. 

Saturn  has  five;  of  which  the  innermoft  re- 
volves in  i|  of  a  Day,  at  the  diftance  of  4I.  Se- 
midiameters of  Saturn,  from  the  Center  of  Sa- 
turn 3  the  fecond,  in  the  fpace  of  a|  Days,  at 

the 
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the  diftance  of  yf  Semidiameters  of  Saturn  ; 
the  third,  in  4-f  Days  almoft,  at  the  diftance  of 
8  Semidiameters;  the  fourth,  in  almoft  16  Days, 
at  the  diftance  of  18  Semidiameters;  the  fifth 
and  outermoft  of  all,  that  have  been  difcovered, 
revolves  about  Saturn  in  794-  Days,  at  the  di- 
ftance of  ^"4  Semidiameters  from  the  Center  of 
Saturn.  And  the  Solar  Syftem,  as  far  as  it  has 
been  hitherto  difcover^d  is  of  a  Figure  much 
like  that  in  the  Scheme  [^Fig  15,]  But  between 
the  two  laft  Satellites  of  Saturn,  Hugenius  fufpeds 
there  revolves  a  Sixth,  the  fpace  being  larger 
thanitfhould  be,  in  proportion  to  the  diftances 
of  the  others,  or  that  there  are  others  beyond 
the  fifth  revolving  about  Saturn,  but  not  feen 
as  yet,  by  reafon  of  their  Obfcurity.  The 
Planes  of  the  Orbits  of  the  Satellites  of  the 
fame  primary  Planet,  do  not  coincide,  but  are 
varioufly  inclin  d  to  one  another,  and  to  the 
Plane  of  the  Orbit  of  the  Primary  one. 

Saturn  likewife  is  encompafs'd  with  a  thin 
plane  Ring^  that  does  not  touch  the  Body  of  Sa- 
turn at  all,  but  is  like  an  Orbicular  Arch,  built 
round  about  it.  The  Plane  of  this  Ring  is  at 
this  time  nearly  parallel  to  the  Plane  of  Earth's 
Equator.  And  from  the  various  Pofition  of  it^ 
in  refped:  of  the  Sun  illuminating  it,  it  being 
Opake  like  a  Planet,  and  in  refped  of  the  Eye 
of  the  Spedator^  the  various  Phafes  of  the  Anfa 
of  Saturn  arife,  which  have  fo  long  baffled  the 
attempts  of  Aftronomers,  with  their  various 
Shapes.  This  was  firft  difcover'd  by  Hngms^  in 
his  Syfiema  Saturnm?n,  Printed  i6^<^.  The  Dia- 
meter of  the  Ring  is  to  the  Diameter  of  Saturn, 
as  9  to  4 ;  and  the  breadth  of  the  fpace  be- 
tween the  Ring  and  the  Body  of  Saturn  is  equal 
to  the  breadth  of  the  Ring  it  felf. 

Pro- 


Plate    ^  .  Hook,    1 


Bookt      <p/ Astronomy.      27 

Proposition  XVI. 

TO  defcrihe  the  Thanomena  of  the  Moon  ^iev/d 
from  the  Earthy    as  it  is  a  Sfherical  Body  illu- 
minated hy  the  Sun, 

The  Moon,  being  a  fecondary  Planet,  accom- 
panies the  Earth  T,  [Fig.  14.]  during  its  Revo- 
lution about  the  Sun,  in  its  Orbit  R  T^  and 
moves  in  its  Orbit  the  fame  way  as  the  Earth 
does,  from  A  thro'  5,  C,  &c.    The  Plane  of  the 
Moon's  Orbit  does  not  coincide  with  the  Plane 
of  the  Ecliptic,  but  is  inclin  d  to  it  by  an  Angle 
of  about  five  Degrees ;   and  the  common  inter- 
fed:ion  of  thefe  Planes  is  the  Right  Line  9,  ^  ^ 
the  Points  Q,  and  t5,  where  the  Orbit  of  the 
Moon  interfeds  the  Plane  of  the  Ecliptic  are 
caird  the  Nodes  of  the  Moon,  as  was  laid  be- 
fore, when  we  treated  of  the  primary  Planets. 
So  that  the  Orbit  of  the  Moon  is  to  be  conceived 
as  being  half  above  and  half  below  the  Plane  of 
the  Ecliptic,  the  former  9,  A  "6  to  the  North, 
the  latter  a  K  'iS  towards  the  South,   and  on 
that  account  is  reprefented  in  the  Diagram, 
in  the  Figure  of   an  EUipfe.       One  of  the 
Nodes,  vi-z.,  that  where  the  Moon,  having  pafs'd 
the  Ecliptic,  is  afcending  into  the  Northern 
Part,  is  call'd  the  Dragons  Head,  and  is  mark'd 
thus  ^^  the  other,  the  Dragon  sTail,  mark'd  thus 
t?.    The  Line  of  the  Nodes  does  not  always 
keep  the  fame  pofition,  but  is  moved  with  an 
angular  Motion,  fo  as  that  the  Nodes  go  back- 
wards, ^iz>  Q>    thro'  G,  Fy  &c.  and   ^  thro' 
C,  J5,  &c,  contrary  to  the  Order  of  the  Signs, 
compleating  a  Revolution  in  about  19  Years. 
From  whence  'tis  certain,  that  the  Moon  can 
never  be  found  in  the  Ecliptic  above  twice  in 
its  Monthly  Courfe,  namely,  when  it  is  in  the 
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Node  a  or  "O  I  all  the  reft  of  the  time  it  is 
wide  of  it  j  and  the  Latitude  of  the  Moon's  de- 
viation is  meafur'd  by  the  Angle  in  which  the 
Right  line  conneding  the  center  of  the  Moon 
and  Eye  is  inclin'd  to  the  Plane  of  the  Ecliptic, 
{by  Dtf.  ^.  Elem.xi.)  agreeable  to  what  was 
faid  above  concerning  the  primary  Planets, 
Trop,  V.  and  viii. 

Eefides^  theMoon^  like  the  other  primary  Pla- 
nets^ being  an  Opake^  Rough,  Spherical  Body, 
reflecting  the  Sun's  Rays  falling  upon  it-  'tis 
evident^  that  half  of  it  being  turnd  towards  the 
Sun  is  illuminated  and  bright^  while  the  other 
half,  that  is  turned  from  the  Sun,  continues  ob- 
fcure  and  dark.  Now  only  that  Hemifphere  of 
the  Moon  which  is  towards  the  Earth,  can  be 
feen  by  an  Inhabitant  of  the  Earth  viewing  it: 
Confequently  the  Phafes  of  the  Moon  will  be 
various,  according  to  the  various  habitude  of  the 
inlighten  d  Hemifphere  to  that  which  is  turn'd 
towards  the  Earth  ^  as  was  ftiewn  in  the  like 
cafe  concerning  the  inferior  Planets,  in  Frop.vu 

If  the  Moon  be  at  A  in  the  Scheme  [_Fig,  14.] 
the  point  juft  oppofite  to  the  Sun,  which  we  will 
fuppofe  to  be  at  0,  and  the  Earth  in  T;  'tis 
evident  that  the  whole  enlighten'd  face  of  the 
Moon  is  turn  d  towards  the  Earth ;  this  Phafis 
or  appearance  of  the  Moon  is  call'd  the  Full 
Moon.  If  the  Moon  be  remov'd  to  B,  the  Sun 
and  Moon  continuing  as  they  were,  part  of 
the  bright  or  illuminated  half  will  be  turn'd 
from  the  Earth,  and  part  of  the  obfcure  or 
darken'd  half  turn'd  towards  it  •  hereupon  the 
Moon  will  not  appear  full,  but  Gibbous,  or  a 
little  deficient  or  obfcure  in  oppofite  to  the  Sun. 
The  Moon  arriving  to  the  fituation  C,  where 
the  Angle  CTSh  Right,  and  the  Moon  in  one 
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of  its  ^adratures,  half  the  Hemifphere  which 
is  turn'd  to  the  Earth  is  illuminated,  and  half 
dark  i  on  which  account  it  will  appear  a  half 
Moon,  and  in  the  dqcreafe.  The  Moon  having 
got  farther,  for  inftance,  to  D,  but  a  little  of  its 
Face  that  is  turn'd  to  the  Earth  is  inHghten'd, 
much  the  greater  part  remaining  dark:  and 
Confequently  the  inlighten'd  part  will  appear 
Horned,  by  reafon  of  the  K^oon's  really  fpheri- 
cal,  but  apparently  plane  Figure;  and  the  Horns 
will  appear  turned  away  from  the  Sun,  as  fliall 
te  demonftrated  in  the  next  Propofition,  or  in 
the  prefent  cafe,  turned  towards  the  Weft.  At 
length  when  the  Moon  is  come  to  the  point  /<", 
or  into  conjunction  with  the  Sun,  all  the  in- 
lighten'd half  is  turned  from  the  Sun ;  and  con- 
fequently the  Moon  will  be  intireiy  dark,  and 
become  a  New  Motn  ;  becaufe  it  will  foon  ap- 
pear at  F,  and  fhew  its  Horns  Hill  turn'd  from 
the  Sun,  and  confequently  now  towards  the 
Eaft.  Afterwards  being  upon  the  increafe,  it 
will  appear  a  half  Moon  at  G,  at  the  end  of  thQ 
firft  Quarter,  as  it  did  in  C  at  the  beginning  of 
the  laft  Quarter ;  then  Gibbous  at  H,  till  it  be- 
come full  again  at  A.  For  greater  evidence 
and  clearnefs  of  the  whole,  we  have  drawn  the 
Appearance  of  the  Moon  feen  by  jis,  corre- 
fponding  to  every  diftind  fituation^  and  plac'd 
it  juft  behind  it. 

Tho'  the  time  of  the  Moon's  Revolution  a- 
bout  the  Earth  be  but  27  Days,  7I  Hours,  which 
is  caird  a  Periodic  Month^  yet  by  a  Month,  or 
intire  Lunation  is  commonly  underftood  all  that 
fpace  of  time  that  is  fpent  from  one  New  Moon 
till  the  next  following,  which  is  greater  than 
the  abovemention'd  Periodic  Month ;  becaufe 
?|uring  the  Periodic  Month^    in   which   the 
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Moon  departing  from  the  point  K,  where  the 
New  Moon  now  happens,  returns  to  it  again ; 
the  Earth  itfelf,  together  with  the  Moon  its  At- 
tendant^ is  carried  an  intire  Sign  in  confequentia ; 
fo  that  the  faid  point  of  the  Orbit  of  the  Moon 
Ky  is  more  towards  the  weft  of  the  Sun;  and 
confequently  the  Moon  is  not  yet  arrived  to  a 
conjundion  with  the  Sun ;  but  ftill  lacks  2  days 
and  f  hours  to  it,  or  to  be  become  New ;  that 
is,  to  finifh  an  intire  Lunation,  and  all  the  fe- 
veral  Changes  of  its  Appearances;  which  fpace 
of  time  is  call'd  a  Synodic  Month,  and  confifts  of 
29  days,  1 2 1:  hours. 

A  little  before  and  after  a  New  Moon,  viz. 
wfien  the  Moon  is  in  D  or  F,  the  Rays  of  the 
Sun  refledcd  from  the  Earth,  meeting  with  the 
Moon,  are  the  caufe  of  that  faint  Light  by 
which  the  reft  of  Moons  Difc  befides  its  Horns, 
is  then  render'd  vifible.  But  when  the  Mooji  is 
got  out  of  the  way  of  the  reflexion  of  the 
Earth's  light,  that  faint  light  vanifiies,  being 
falfly  fuppos'd  native. 

Proposition  XVIL 

TO  dra^i^  the  Thajis  or  Appearance  of  the  Moon  at 
any  given  Time* 
Let  a  Plane,  the  fame  with  that  of  the  Scheme, 
for  inftance,  pafEng  thro'  the  Centers  of  the 
Sun,  Earth  and  Moon,  cut  the  Globe  of  the 
Moon,  and  let  its  Section  be  the  Circle  ADBC, 
iFig,  15.]  Let  C  D  be  a  Diameter  of  the  Circle, 
and  S  L,  a  right  line  connecting  the  Centers  of 
the  Sun  and  Moon,  perpendicular  to  it ;  and 
A  B  another  Diameter  to  which  the  Right  line 
TLy  connecting  the  Centers  of  the  Earth  and 
Moon,  is  perpendicular.  From  the  Point  D,  let 
P£  fall  a  perpendicular  to  AB^  meeting  it  in  E, 
^    •■  ^  Since 
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Since  a  Plane  perpendicular  to  that  of  this 
Scheme  erected  upon  the  Diameter  CD,  fepa- 
rates  the  enlighten'd  Hemifphere  from  the  ob- 
fcurc;  and  a  Plane  ereded  after  the  fame  man- 
ner upon  A  By  feparates  the  vifible  from  the  in- 
vifible  Hemifphere :  That  part  of  the  Globe  of 
the  Moon  which  is  common  to  both  Hemifpheres, 
^iz,,  that  which  lies  between  the  Planes  ereded 
upon  ^L,  D  Ly  will  be  the  enlightened  part  of 
the  vifible  Hemifphere ;  and  that  which  lies  be- 
tween the  Planes  erected  upon  £  L,  DL^  will 
be  its  obfcure  or  dark  Portion.  Both  thefe  Por- 
tions of  the  vifible  Hemifphere,  as  well  the  in* 
lightened  as  the  obfcure,  are  terminated  in  the 
oppofite  Points  of  the  Globe  of  the  Moon; 
namely,  thofe  in  which  a  Right  line  raifed  from 
£,  perpendicular  to  the  Plane  of  the  Circle 
ACBD3  and  produced  both  ways,  meets  the 
Moon's  Surface ;  that  line  being  the  common 
Sedion  of  the  two  Planes  ereded  upon  AB^  and 
CD:  The  greateft  breadth  of  thefe  parts  is  in 
the  Circumference  ADB;  the  breadth  of  ob- 
fcure being  B  D,  of  the  enlightened  AD,  The 
Arc  BD  is  the  meafure  of  the  Angle  J5  L  I>,  which 
is  equal  to  the  Angle  SLT,  contained  under  the 
Right  lines  drawn  from  the  Center  of  the  Moon 
to  the  Centers  of  the  Sun  and  Earth.  For  if  to 
the  equal  Angles  5  L  D,  TL  5,  (becaufe  right 
ones)  you  add  the  common  Angle  D  LT,  the 
Angles  mention  d  will  be  formed,  which  are 
confequently  equal.  But  at  any  given  time,  the 
Angle  of  the  Moon's  Diftance  from  the  Sun^ 
'vlz*  LTS  is  known;  confequently  S  LT,  its 
Complement  to  two  right :  For  the  Diitance  of 
the  Moon  from  the  Earth  is  fo  fmall,  in  com- 
parifon  with  the  diftance  of  the  Earth  from  the 
|un^  that  the  Right  lines  T.^^  LS^  drawn  from 
''  ■  the 
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the  Earth  and  Sun^  may  be  taken  for  parallels. 
Make  therefore,  that  as  twice  the  Radius  is  to  the 
verfed  line  of  the  Angle  TL  S^  fo  is  B  A  to 
B  E,  And  fince  the  Hemifphere  of  the  Moon 
feen  from  the  Earth,  appears  like  a  Circle,  as  it 
happens  to  »any  Globe  feen  at  a  great  Diftance, 
according  to  the  Principles  of  Optic :  Let 
^M5iV[F/g^.i6.]be  a  Circle reprefentingtheDifc 
of  the  Moon,  the  fame  with  the  former,  made  by 
th'*  Sedion  of  the  Moon  with  a  Plane  ereded 
upon  A  By  and  confequently  defcribed  upon  the 
fame  Center  L,  and  with  the  fame  Diameter. 
Becaufe  the  Moon  is  at  a  confiderable  diftance, 
each  point  of  its  Difc  will  be  feen  by  Right 
lines  parallel  to  the  Right  line  LT.  And  there- 
fore BEy  and  AEy  will  be  the  greateft  Latitudes 
of  the  inlightened  and  obfcure  parts  in  ths  Difc 
of  the  Moon.  Draw  the  Diameter  MN  per- 
peadicular  to  AB;  and  defcribe  the Semi-Ellipfe 
MENy  whofe  greater  Axe  is  MNy  and  leffer' 
equal  to  twice  LE,  MA  NE  M  will  be  the  in- 
lightend  Part,  and  MBNEM  the  obfcure 
Part  of  the  Moon  s  Difc  AMBN, 

For  the  boundary  of  illumination  on  the  Sphe- 
rical Surface  of  the  Moon,  by  the  Sun,  which 
is  likewife  Spherical,  is  a  Circle;  and  this  Cir- 
cle ktn  at  a  diftance  obliquely,  appears  like  an 
Ellipfe,  whofe  Semiaxes  are  LMy  LEy  as  is  e- 
vident  from  Optics :  'Tis  feen  obliquely  by  TLy 
becaufe  the  Right  line  S  L  perpendicular  to  its 
Planes,  is  inclined  to  LT;  excepting  when  the 
Moon  is  Full,  where  they  coincide. 

In  the  Conftrudion  of  this  Problem,  we  fup- 
pos'd  half  the  Globe  of  the  Moon  to  be  inligh- 
tenM,  and  half  likewife  to  be  feen  by  a  Specta- 
tor, tho'  neither  of  the  Suppofitions  are  rigo- 
iouily  true :  For  the  Sun  being  bigger  than  the 
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Moon,  more  than  half  the  Moon  is  inlighten'd  » 
and  the  Spedator  not  being  at  an  infinite  Di- 
fiance  from  theMoon^,  its  intire  Hemifphere 
will  not  be  vifible.    But  the  difference  in  both 
thefe  cafes  is  fo  fmall,  that  it  may  very  well  be 
negleded  :  And  the  Phafis  or  Appearance   of 
the  Moon  delineated  as  above,    fufiiciently  a-* 
grees  with  Obfervations.    That  the  Scheme  may- 
agree  with  the  Heavens,  the  Line  B  Ay  to  which 
MN  connecting  the  Horns  is  perpendicular^ 
muft  be  plac'd  in  fueh  a  Situation,  as  that  it  may- 
tend  direcStly  to  the  Sun :  For  the  Right  line  L  A^ 
feen  from  T,  coincides  with  the  line  L  S  tend- 
ing to  the  Sun. 

The  Phafes  of  the  inferior  Planets  and  Mars^ 
defcribed  in  Trop.YU  and  ix.  are  to  be  delineated 
after  the  fame  manner  j  But  then  if  L  reprefenc 
a  Primary  Planet,  the  Right  lines  TS,  LS  are 
fenfibly  inclin'd  to  one  another,  and  form  a 
Triangle. 

I^ROPOSItlON    XVIIL 
'  i  'O  explain  the  Vhanomena  of  the  Moo7t  arlfingfrom 
^    the  Opacity  of  the  Earth  cafii?^g  a  Shadow y  that 
isy  an  Eelipfe  of  the  Moon. 

The  Earth  is  an  Opake  Body,  confequently 
when  it  is  inlighten'd  by  the  Sun,  it  cafts  a  Sha- 
dow towards  thofe  part's  which  are  turn'd  from 
the  Sun  :  and  this  Shadow  muft  always  be  in 
the  Plane  of  the  Ecliptic  ^  fince  both  Sun  and 
Earth  are  always  there.    [F/g-.  17.]  If  at  any 
time,  the  Moon  when  Full,  fiiould  happen  to 
be  in  the  Plane  of  the  Ecliptic,  or  pretty  near 
it,  (which  it  will  be,  when  the  Full  Moon  hap- 
pens in  or  near  a  Node,J  'tis  evident  the  Moon 
will  be  immers'd  in  the  Shadow;  and  confe- 
quently deprived  of  the  Sun's  Light,  by  which 
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k  fhines ;  that  is,  it  will  fuffer  an  EcUpfe  which 
will  be  Total  or  Partial^  according  as  the  whole 
or  only  a  part  of  the  Moon's  Body  enters  the 
Shadow. 

The  Earth's  Shadow  terminates  at  lafl-  in  a 
Point,  and  does  not  reach  fo  far  as  Mars:  For 
Mars,  tho'  in  the  Plane  of  the  Ecliptic,  and  op- 
polite  to  the  Sun,  is  not  Eclipfed;  which  it  ne- 
ceffarily  would  be,  if  it  were  immers'd  in  the 
Earth's  Shadow ;  For  Mars  is  an  opake  Body, 
as  is  fhewn  in  Vrop/ix.  'Tis  evident  at  firfl:  light, 
from  this  Figure  of  the  Earth,  that  the  Sun  is 
bigger  than  the  Earth:  For  if  the  lucid  Body 
bei^igger  than  the  opake  one,  the  Shadow  will 
be  equally  thick  and  cylindrical ;  But  if  the 
lucid  Body  be  lefs  than  the  opake,  the  Shadow 
indeed  will  be  conical,  but  growing  bigger  and 
bigger,  and  the  farther  off  it  is  from  the  opake 
Body,  the  thicker  it  is  •  and  in  both  cafes  will 
be  extended  infinitely.  As  the  Sun  is  bigger 
than  the  Earth,  fo  the  Earth  is  bigger  than  the 
Moon ;  becaufe  the  Moon  fometimes  is  totally 
Eclipfed  by  entering  into  the  Earth's  Shadow  • 
but  the  Earth's  Shadow  is  much  fmaller  where 
the  Moon  enters  it,  than  nearer  to  the  Earth^> 
as  is  evident  from  what  has  been  already  fhewn. 

Let  the  Circle  F  M  [Fig-.  i8.]  reprefent  the 
tranfverfe  Sedion  of  the  Earth's  Shadow,  where 
k  croifes  the  Moon's  Orbit,  Let  L^F  be  the 
Orbit  of  the  Moon,  C  E  the  Ecliptic.  The  du- 
ration of  fome  Eclipfes  is  found  to  be  fo  long 
(  for  inftance,  four  hours,)  as  to  let  the  Moon 
go  the  length  of  three  of  its  Diameters  in  the 
Shadow  totally  Eclipfed.  This  happens  when 
the  Center  of  the  Moon  palfes  thro' the  Center 
of  the  Earth's  Shadow  or  Circle  FM:  And 
fuch  an  Edipfe  is  call'd  a  Tot^l  and  OpitralEcVipte. 

Some* 
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Sometimes  the  Moon  is  not  arrived  at,  or  has 
alreadi  pafled  the  Node,  when  it  is  entering  the 
Earth  ^  Shadow :  Notwithftanding,  if  at  that 
time  it  be  near  the  Node^  it  will  be  totally  im- 
mers'd_,  and  confequently  there  will  happen  a 
Total,  tho'  not  a  Central  Eclipfe,  nor  of  fa 
long  a  continuance  ^Fig,  19.]  For  the  way  of 
the  Moon  thro'  the  Earth's  Shadow,  is  left  than 
the  Diameter  of  the  Shadow,  becaufe  it  does 
not  pafs  thro*  its  CenterT^and  confequently,  ca*' 
ieris  faribus,  will  be  pafs'd  thro'  fooner. 

But  if  the  Node  be  fo  far  off  from  the  Sha- 
dow, \_Fig,  20.]  as  that  only  part  of  the  Moon  is 
immers'd,    as  it  pafles  in   its  Orbit,    neajr  the 
Shadow,  theEclipfe  will  be  a  partial  one,  and  is 
laid  to  be  of  fo-  many  Digits  as  there  are  twelfth 
parts  of  the  Moon's  Diameter  darkened,  when 
theEclipfe  is  greateft.    For  the  Diameter  of  the 
Moon  (like  any  other  Integer)  is  imagin'd  to  be 
divided  into  twelve  Parts  or  Digits:  Which  is  ta 
be  underftood  likewife  of  any  other  Phafis  of  an 
Eclipfe.     In  all  thefe  Cafes,  in  the  beginning 
of  an  Eclipfe,  the  Moon  enters  the  Weftern  part 
of  the  Shadow,  with  the  Eaftern  part  of  her 
Limb;  and  in  the  end  of  it,  ihe  leaves  the  Ea- 
ftern part  of  the  Shadow  with  the  Weftern  pare 
of  her  Limb  •  and  all  the  intermediate  time  is 
reckon'd  into  the  Eclipfe ;  but  only  fo  much 
into  the  total  immerfion,    as  pafs'd  while  the 
Moon  was  totally  in  darknefi.    The  Eaftern 
limb  of  the  Moon  in  its  accefs  to  the  Shadow, 
does  not  enter  prefently  into  the  thickeft  Dark- 
nefs;  but  grows  darker  and  darker  as  it  ap- 
proaches nigher  to  the  Shadow  ^  and  this  arifes 
from  the  Penumbra,  which  always  accompanies 
a  Shadow  which  is  made  by  a  lucid  Body,  that 
is  feen  under  a  fenfible  Angle*    And  this  Pe- 
D  2  numbra 
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numbra  is  difFufed  all  about  the  Shadow.  Let 
Gbe  the  Sun,  [Fi^.  21.]  E  the  Earth,  (and  let 
Right  lines  be  drawn  Juft  as  in  the  Schetue:  All 
about  the  Shadow  TVMRy  where  no  part  of  the 
Sun's  light  can  come,  a  Penumbra  VTV  MRN 
is  fpread,  fome  part  of  the  Sun  s  light  nor  been 
ftop'd  therein  :  And  this  Penumbra  is  darker  to- 
wards jVy  R  M  which  are  the  extremities  of 
the  perfeA  Shade;  becaufe  fewer  Rays  can  arrive 
thither,  the  portion  M  the  Sun,  from  which 
they  are  emitted,  being  fmaller ;  but  lefs  ob- 
fcure  towards  TV,  R  N^  where  more  Rays  can 
reach :  And  beyond  which  limit  all  the  Rays  of^ 
the  Sun  can  reach  without  any  hindrance  at  all, 
and  inlighten  according  to  the  degree  of  their 
vigour . 

The  Red  colour,  that  the  Moon  in  the  middle 
of  the  compleat  Shadow  is  aiFeded  withal,  and 
makes  her  look  like  a  Brick  (for  in  fome  Eclipfes 
the  Moon  intirely  difappears,)  feems  to  arife 
from  the  Sun  s  Rays,  either  refraded  in  their 
paffage  thro'  the  Earth's  Atmofphere,  or  re- 
fleded  by  fome  particles  of  Matter  flying  about 
the  Earth's  Shadow,  to  the  Moon  ;  or  from  the 
light  of  the  Sfars,  or  all  thefe  taken  together. 

Some  kind  of  Eclipfe  or  other  of  the  Moon, 
happens  generally  twice  a  Year  at  leaf! :  For 
there  being  two  Nodes  in  which  the  Moon's 
Orbit  crofles  the  Ecliptic,  and  they  moving  in 
antccedentla^  (by  Trof.  xvi.)  and  the  Sun  appear- 
ing to  go  thro'  the  Ecliptic  in  confcquentia^  (by 
Tro^.  ii.)  the  Sun  muft  meet  one  or  other  of  thefe 
Nodes  twice  every  Year;  and  confequently  the 
Earth's  Shadow  muft  perforate,  as  it  were,  the 
Moon's  Orb  in  the  other  Node.  If  therefore  a 
Full  Moon  happens  juft  at  that  time,  the  Moon 
mult  neceffarily  be  totally  and  centrally  Eclips'd, 

as 
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as  was  demonftrated  above.  And  tho'  a  Full 
Moon  does  not  happen  juft  as  the  Sun  and  Node 
meet ;  yet  the  inclination  of  the  Orbit  of  the 
Moon  to  the  Ecliptic,  and  the  depth  of  the 
Earth's  Shadow  is  fo  great^that  tho'  theFull  Moon 
is  diftant  above  ten  Days  from  the  aforefaid  time, 
before  or  after  it,  and  it  can  be  diftant  but  fifteen 
Days,  yet  the  Moon  will  fcarce  get  clear  of  the 
Shadow.  But  if  the  abovemention  d  meeting  of 
the  Sun,  and  Lunar  Node,  happen  on  the  very 
Day  of  the  New  Moon,  or  a  Day  or  two  before 
or  after,  which  can  happen  but  feldom,  the 
Moon  will  be  far  enough  off  from  the  Earth's 
Shadow  in  the  next  Full  Moon,  whether  pre- 
ceding or  following,  and  fo  will  efcape  an  E- 
clipfe;  confequently  there  will  be  noEclipfe 
that  half  Year. 

Proposition  XIX. 

TO  explain  the  Vhtznomena  of  the  Sun  fcen  from 
the  Earthy  and  arifing  from  the  Opacity  of  tha 
Moon^  or  Ecliffes  of  the  Sun  accounted  for. 

As  the  Moon  upon  the  interpofition  of  the 
Earth  is  deprived  of  the  Suns  light,  and  faid  to 
be  Eclipfed;  fo,  in  like  manner,  if  the  Earth 
fliould  be  robbed  of  the  Sun  s  light,  by  the  in- 
terpofition of  the  Moon,  this  Phsenomena  ought 
to  be  caird  an  Eclipfe  of  the  Earth.  But  the 
Obferver  of  it  being  on  the  Enrth,  and  allow- 
ing of  no  lofs  of  Light  or  Eclipfe,  nor  Motion^, 
nor  any  other  thing  that  feems  to  argHe  an  im- 
perfedion  in  his  place  of  abode,  calls  this  Phe- 
nomenon an  Eclipfe  of  the  Sun ;  for  the  fam^ 
reafon  as  an  Inhabitant  of  the  Moon,  would  fay 
the  Sun  was  eclipfed,  when  the  Moon  is  really 
entering  into  the  Earth's  Shadow, 
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'Tis  evident  an  Eclipfe  of  the  Sun  will  happen 
in  every  fuch  New  Moon,  as  has  the  Moon  at 
or  near  any  of  the  Nodes.  For  then  the  fliadow 
of  the  Moon  lying  diredly  betwixt  the  Sun  and 
Earth,  reaches  to  the  Earth,  and  caufes  a  total 
Eclipfe  to  the  Inhabitants  of  the  trad  C  D 
[F/^.22.]  that  areimmers'd  in  the  thickefl:  fliade. 
But  the  Moon's  Shadow  not  being  large  enough 
to  cover  the  whole  Earth,  the  circular  tra6l 
JBC,  ED,  which  furrounds  the  former  CD,  is 
cover'd  with  the  Penumbra,  and  its  Inhabitants 
fee  only  a  partial  Eclipfe  of  the  Sun  ^  which  is 
greater  towards  C  and  D,  becaufe  a  greater  porti- 
on of  the  Sun  will  be  cover'd  by  the  Moon ; 
but  lefs  towards  B  and  E,  the  extremities  of  the 
Penumbra,  and  the  defed  of  light  is  fcarce  fen^ 
fible.  At  the  fame  time,  in  other  places,  as 
E  F,  the  bignefs  of  the  Earth  is  the  reafon  why 
there  is  no  Eclipfe  at  all ;  the  Sun  inlightning 
ic  without  any  hindrance  or  impediment. 

Ail  the  preceding  account  happens  in  Nature, 
juft  as  it  has  been  related.  But  if  we  look  up- 
<Dn  the  Sun  and  Moon  from  our  Earth,  the 
Moon  will  feem  to  cover  the  Sun  more  or  lefs 
according  as  the  Spedator  is  nigher  or  farther 
off  from  the  total  Shadow  [Fig.  25.]  And  bg- 
caufe  the  Moon  which  covers  the  Sun  can't  be 
feen,  the  Sun  will  appear  to  be  darken'd  in  that 
part  which  the  Moon  covers,  the  reft  only  re^ 
maining  lucid. 

Sometimes  a  central  Eclipfe  happens  not  to 
be  total  ^  but  a  bright  Ring  feems  to  furround 
the  Moon:  The  reafon  is,  at  that  time  the 
Moon's  fliadow  is  fo  fliort  that  it  cannot  reach 
the  Earth  ^  either  becaufe  the  Moon  is  then  fo 
far  off  from  the  Earth ;  or  becaufe  the  Sun's 
B^ays  that  graze  along  the  extreme  parts  of  the 
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Book  I.      C?/  A  S  T  R  O  N  O  M  Y.  39 

Moon  are  more  than  ordinarily  infleded,  and 
fo  fliorten  the  Moon's  fhadow.  The  bignefs  of 
a  Solar  Eclipfe  is  to  be  eftimated  juft  as  in  the 
Moon^  by  the  digits  of  the  Sun's  diameter^  that 
are  darkened  by  the  Moon  at  the  time  given. 

'Tis  evident  likewife  that  the  Moon  moving 
towards  the  Eaft^  or  from  iCt,  thro'  m  to  7 , 
[F/g-.22.]  the  weftern  part  A  of  the  Earth  will  be 
in  the  fhadow  firft,  which  will  pals  along  the 
Earth's  difc,  like  a  Spot,  thro'  B,'C,  D,  E,  to  F, 
where  it  leaves  the  Earth.  But  if  the  Moon  b^ 
look'd  upon  from  the  Earth,  the  eailern  limb  of 
the  Moon  will  firft  cover  the  weftern  of  the  Sun, 
and  the  weftern  of  the  Moon  will  laft  uncover 
the  eaftern  limb  of  the  Sun :  And  the  greateft 
darknefs  that  happens  in  a  total  Eclipfe  is  foon 
at  an  end  ^  fome  part  of  the  Sun's  disk  being 
prefently  uncover'd,  almoft  fo  foon  as  the  whole 
was  cover'd :  and  that  part,  tho'  never  fo  little, 
will  mightily  inlighten  the  Air. 

Tho'  the  Moon  muft  be  in  a  Node  the  very 
moment  of  the  New  Moon,  to  caufe  the  biggefl 
Eclipfe  of  the  Sun  that  is  poffible,  and  that  the 
fhadow  of  the  Moon  may  go  along  the  middle 
of  the  Earth  :  Yet  if  fiie  be  not  far  off  from 
thence,  the  fiiadow  of  the  Moon,  or  at  ieaft 
part  of  the  Penumbra,  will  fall  upon  fome  trad 
of  the  Earth,  being  fo  big,  and  there  caufe  a 
total,  or  at  Ieaft  a  partial  Eclipfe  :  And  in  this 
fenfe  there  are  more  Eclipfes  of  the  Moon  than 
of  the  Sun.  But  Eclipfes  of  the  Sun,  in  any 
given  place,  are  much  fewer  than  the  Eclipfes  of 
the  Moon  ;  becaufe  the  Moon  s  fiiadow  is  lefs 
than  the  Earth's,  and  confequently  it  does  nor 
involve  any  given  place  upon  the  Earth,  fo 
often  as  the  Earth's  fliadow  does  fome  part  of 
the  Moon. 

D  4  SQHO- 


40  The  Elements        Bookl. 

SC  HOLIUM. 

The  fame  Pha^nomena  will  appear  in  Jupiter 
and  Saturn  :  For  their  Satellites  or  Moons,  will 
be  eclipfed,  by  being  immers'd  in  the  fhadow 
of  their  primary  Planet ;  and  thofe  Eclipfes  of 
them  are  obferved  by  us^  juft  as  the  Eclipfes  of 
our  Moon  may  be  obferved  from  them.  In  like 
manner^  every  Satelles  coming  between  the  Sun 
and  its  Primary,  qafts  a  fliadow  upon  the  Pri- 
mary, which  feems  to  move  along  the  Disk  of 
the  Primary  from  Eaft  to  Weft  like  a  Spot. 
But  the  Duration,  Phafes,  Periods,  &c.  of  thefe 
Phaenomena  are  various,  and  differing  from  the 
like  feen  by  us,  and  arifing  from  our  Moon, 
according  to  the  diverfity  of  the  Shadows,  Mo- 
tions and  Magnitudes,  both  of  the  Primary  and 
Secondary  Planet. 

Proposition  XX. 

EJch  of  the  Secondary  Tlancts  mention  d  in 
Trop.  XV,  is  urged  by  a  Force  comfounded  of  a 
Centripetal  Force ^  tending  to  the  center  of  the  Vrimary^ 
about  which  it  re'uol'vesy  a7id  of  all  the  Accelerating 
Force  ivith  njhich  the  Trimary  is  urged.  And  there-r 
fore  the  Forces  whereby  the  Satellites  are  retain  d  in 
their  Orbits  about  the  Trimary  oneSy  tend  tewards  the 
centers  of  their  Trimary  ones  rejj^e^iively, 

Beoaufe  the  Satellites  of  Jupiter  and  Saturn 
revolve  equably  in  circular  Orbits,  concentric 
with  Jupiter  and  Saturn,  they  defcribe  Areas 
about  thefe  Centers  refpecftively,  proportional 
to  the  Times.  In  like  manner,  if  the  Moon's 
Orbit  differ  from  a  Circle  concentric  with  the 
Earth,  the  lefs  the  Moon  appears,  (that  is,  the 
farther  it  is  from  the  Earth)  the  flower  it  moves 
round  the  Earth,  fo  that  ftill  the  Area,  that  the 
^diu§  drawp  to  the  center  of  the 'Earth  d«- 
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fcribes,  is  equably  augmented.  So  that  unirer- 
fally,  each  of  the  abovemention'd  Satellites  de- 
scribes Areas^  by  a  Radius  drawn  to  the  center 
of  its  Primary  Planet,  about  that  Center,  pro- 
portional to  the  Times.  If  therefore  the  Syftetn 
of  any  Primary  Planet,  and  its  revolving  Sa- 
tellites, be  fuppos'd  to  be  urged  along  parallel 
Lines,  by  a  Force  equal  and  contrary  to  that, 
whereby  the  Primary  Planet  in  that  Point  of 
its  Orbit,  where  it  then  is,  is  urged  towards  the 
Sun,  the  Primary  Planet  will  no  longer  defcend 
towards  the  Sun ;  and  the  Secondary  will  con- 
tinue to  defcribe  the  fame  Areas  about  the  Pri- 
jnary  as  before ;  that  is,  proportional  to  the 
Times :  (For  if  the  Bodies  move  any  how  in 
refped  of  one  another,  and  are  urged  by  equal 
accelerating  Forces  along  parallel  lines ;  or, 
v/hich  is  all  one,  if  the  Space  in  which  they  per- 
form their  Motions  be  moved  uniformly  in  a 
right  line,  they  will  move  all  after  the  fame 
manner,  as  they  would  do  if  thofe  Forces  v/ere 
abfent,  or  the  Space  were  at  reft,  in  which  they 
are  included).  So  that  each  Satelles,  only  ur- 
ged by  the  difference  of  the  Forces,  will  go  on 
to  defcribe,  about  the  center  of  its  Primary, 
Areas  proportional  to  the  Times.  Therefore, 
by  Frop.  xii.  the  difference  of  thofe  Forces  tends 
to  the  Primary  Planet  as  a  Center.  But  before 
that  the  whole  Syftem  was  urged  along  parallel 
lines,  by  a  Force  equal  arid  contrary  to  that, 
whereby  the  Primary  Planet  is  urged  towards 
the  Sun,  that  is,  in  its  natural  State,  each  Satelles 
is  urged  by  a  Force  compounded  of  the  Centri- 
petal Force  tending  to  the  center  of  its  Primary^ 
and  of  all  the  accelerative  Force  that  the  Pri- 
inary  is  urged  by.  Confequently  the  Yorefaid 
difference  of  the  Forges,  is  that  whereby  the 
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Satclles  is  retained  in  its  Orbit  about  the  Pri* 
mary,  the  remaining  accelerative  Force,  where- 
by the  Primary  Planet  is  urged  in  any  Point  of 
its  Orbit,  conferring  nothing  to  this :  But  this 
difference  has  been  ihewn  to  tend  to  the  Center ; 
therefore  the  Forces  whereby  the  Secondary 
Planets  are  retained  in  their  Orbits  about  the 
Primary,  tend  towards  the  Centers  of  the  faid 
Primary  refpedively.  Which  was  to  be  de- 
monftrated. 


Section    IV. 

Of  the  Periods  of  the  Primary  Planets  about 
the  Sun,  and  Secondary  about  their  re- 
fpedive  Primary,  compared  together,  and 
of  their  Diftances  likewife  compared  tOr 
gether,  with  their  mutual  relation  to  one 
another,  the  reafon  and  caufes  of  it, 


Proposition  XXI. 

THE  Motion  of  the  Secondary  Vianet s  re'uolving 
about  a  Vrlmary^  is  fuchy  as  that  the  Squares 
of  the  Periodic  Times y  are  in  the  fame  ratio  as 
the  Cubes  of  their  Difianses  from  the  Center  of  the 
Trimary, 

This  Theorem  is  abundantly  evident  from 
the  Obfervations  of  Aftronomers:  And  by  the 
Squares  of  the  Periodic  Times,  you  muft  un- 
derftand,  the  Squares  of  Right  lines,  or  of 
Numbers,  having  the  fame  ratio  as  the  Perio- 
dic Times  ^  in  this  Senfe  alfo  are  the  Squares  of 
the  Velocity,  and  the  like. 

Thus  in  the  Satellites  of  Jupiter,  where  the 
Periodic  Times  of  the  inmoi%  fecond^  third, 

and 
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and  outmoft,  arerefpedively  as  1 1,  5 },  7^^  and 
16 1  almoft;  and  their  Diftances  as  yf,  9,  141- 
and  2^  ,•  the  Square  of  the  Periodic  Time  of 
the  inmoft,  namely  ;,  is  to  i;  the  Square  of 
the  Periodic  Ti«ie  of  the  fecond  Satelles,  as  170, 
the  Cube  of  the  diftance  of  the  inmoft  froni 
the  Center  of  Jupiter,  to  7  5  6,  the  Cube  of  the 
diftance  of  the  fecond  from  thence.  In  like 
manner  ;  is  to  yi,  the  Square  of  the  Periodic 
Time  of  the  third  Satelles,  as  170  to  2890,  the 
Cube  of  the  diftance  of  the  third  from  the  Cen- 
ter of  Jupiter.  And  3  is  to  280^  the  Square  of 
the  Periodic  Time  of  the  outmoft  Satelles,  as 
170  to  i)'8oo,  the  Cube  of  the  diftance  of  the 
outmoft  from  Jupiter's  Center.  And  therefore, 
ex  aquoy  the  fame  ratio  holds  between  any  o- 
ther  two  of  them  compared  together^  a^  the  fe- 
cond with  the  third  or  the  laft,  or  the  third  with 
the  laft.  This  Ratio  comes  put  more  exad,  if 
the  Diftances  and  Periodic  Times  are  taken 
more  accurat?ely. 

The  fame  will  be  found  to  hold  in  the  Satel- 
lites pf  Saturn,  if  you  take  the  numbers  laid 
down  in  Vro^.  XV,  that  their  diftances  from  Sa- 
turn, and  their  Periods  about  him  may  be  efti- 
mated.  Biit  the  Moon  being  a  folitary  Satel-^ 
les,  this  Propofition  can't  be  applied  to  her. 

PapppsiTiON  XXII. 

^H^  Motion  of  the  TrimaryTlamts  ahout  the  Sm, 
is  fuch^    as   that  the  Squares   of  their  Ter iodic 
Times  are    in  the  fame  ratio  as  the  Cubes  of  their 
J)ifiances  from  the  Sun, 

Thus,  for  inftance  in  round  numbers,  the  Pe- 
riod of  Saturn  is  30  Years,  Jupiter  12;  their 
Squares  are  900  and  144.  The  diftance  of  Sa» 
t|j|:n  from  the  Sun^  is^  by  Obftrvation,  to  the 

^iftance 
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diftance  of  Jupiter  from  the  fame,  as  9  to  5-  al- 
moft^  their  Cubes  are  729  and  12  f.  But 'tis 
evident  thofe  Squares  are  nearly  as  thefe  Cubes. 
Alfo  the  Period  of  the  Earth  is  a  little  more  than 
four  times  greater  than  the  Period  of  Mercury ; 
confequently  their  Squares  are  as  17  to  i  almoft: 
Suppofmg  the  Diftance  of  the  Earth  from  the 
Sun  to  be  ten  parts,  the  Diftance  of  Mercury 
is,  by  Obfervation,  about  4,  or  5,  9  j  and  their 
Cubes  as  1000  to  y 9  :  But  17  is  to  i  almoft  as 
1000  to  ^9  ;  And  lb  on  in.  the  other  Planets. 
The  more  corred  the  Diftances  and  Periods  are 
taken,  the  nearer  you'll  come  to  this  Proportion. 
What  has  been  now  faid,  may  fuffice  at  prefent.- 
The  Propoiition  being  more  exadly  to  be  made 
out  in  the  third  Book. 

Proposition  XXIIL 

THE  Spaces  that  a  Body  defer ihes,  aBedupon  ly 
any  kind  of  finite  Force^  \whether  it  he  deter- 
minate and  unchangeahky  or  the  fame  in  continual 
increafey  or  continual  decreafe)  are  in  the  very  he" 
ginning  of  the  Motion^  in  the  duplicate  ratio  of  the 
Times. 

Let  the  Times  be  exprefs'd  by  the  Right  lines 
AD,  AE;  [F/^.  24.]  and  the  Velocities  acquired 
at  the  end  of  thofe  Times,  by  the  Ordinates 
D  By  EC  :  And  the  Spaces  defcribed  with  thefe 
Velocities  will  be  as  the  Areas  AB  Dy  ACE, 
made  up,  as  it  were,  of  thefe  Ordinates ;  name- 
ly,  the  Space  defcrib'd  in  every  fmalleft  parti* 
ele  of  Time,  being  as  the  Velocity  and  that 
Particle  of  Time  conjundly.  But,  in  the  be- 
ginning of  the  Motion,  the  Ordinates  DB^  EC^ 
are  very  near  the  Point  A  ;  and  in  that  cafe, 
theTrilineal  Figures  ^D 5,  ACE,  are  firhilar 
redilineal  Triangles^  that  part  of  the  Curve 

ABC, 
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j^BCy  which  belongs  to  the  infinitely  fmall 
trilineal  Figures,  not  extending  it  felf  beyond 
the  Right  line  AG,  which  is  a  Tangent  to  the 
Curve  in  J.  Now  thefe  fimilar  redilineal  Tri- 
angles, are  in  the  duplicate  ratio  of  their  homo- 
logous Sides  AD^  AE,  Confequently  the  Spaces 
defcrib'd  in  the  beginning  of  the  Motion,  are 
in  the  duplicate  ratio  of  the  Time.  Which  was 
to  be  demonftrated. 

COROLLART. 
From  hence  we  may  gather,  that  the  Errors 
of  Bodies  defcribing  fimilar  parts  of  fimilar  Fi- 
gures in  proportional  Times,  generated  byany 
equal  difturbing  Forces  fimilarly  applied  to  the 
Bodies,  and  meafur'd  by  the  diftances  of  the 
Bodies  from  thofe  places  of  the  fimilar  Figures, 
to  which  thefe  Bodies  would  arrive,  in  the  fame 
proportional  Times,  without  thofe  Forces,  are 
very  near  as  the  Squares  of  the  Times  where* 
in  they  are  generated.    For  thefe  Errors  are  the 
Spaces  which  the  Bodies  aded  upon  by  the  di- 
fturbing Force  defcribe.    But  if  thefe  difturbing 
Forces  are  not  equal,  but  in  a  given  ratio ,%  the 
Errors  are  as  thofe  Forces  and  the  Squares  of  the 
Times  conjunctly;  fuppofing  the  Forces  fimi- 
larly applied. 

Proposition  XXIV. 

*^He  nafcent  or  evanefcent  fuhtenfe  of  the  Angle  of 
ContaB^  in  any  Circle^  is  in  the  duplicate  rati? 
of  the  conterminoids  Arc. 

Let  ADC  \_Fig.^<;,']  be  a  Circle,  the  right  line 
AB  2i  Tangent  in  A^  confequently  the  Angle 
of  Contad  BAD.  I  fay,  any  Subtenfe  that  is 
the  neareft  to  the  Point  A^  for  inftance,  BD  is 
as  the  fquare  of  the  Arc  A  D;  that  is,  the  fuh- 
tenfe 5  i)  is  to  another  fubtenfe  bd,  in  the  fame 

cir» 
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%cumftances^  as  the  Tquare  of  the  Arc  AD  to 
the  fquare  of  the  Arc  A  d. 

Draw  the  Diameter  A  C,  which  will  be  per- 
pendicular toAB,  join  the  Right  lines  DA,  dA, 
DCy  dC,  and  draw /)£,  ^f  parallel  to  ^^  5. 

Firfl,  let  the  Subtenfe  B  D  be  parallel  to  AC. 
Now  (  by  Sand  ly.jE/cw.vi.)  ^Dq==:C^x^E, 
and  Ad^  =  CAy.  Ac  Wherefore  AD'i :  Adi  :: 
(AE  :  Ae ::)  BD  :  hd.  But  fince  BD,  hd  are 
neareft  to  the  Point  Ay  or  in  their  naltent  con- 
dition^  the  Arcs  AD,  Ad^  and  their  Subtenfes 
do  not  differ  from  one  another;  that  is,  they  are 
equal.  Confequencly,  in  this  cafe,  5Disto 
hdy  as  the  Square  of  the  Arc  ADy  to  the  Square 
of  the  Arc  Ad, 

Secondly,  if  the  Subtenfe  5  D  of  the  Angle 
of  ContaA  be  not  parallel  to  ACy  but  to  y^  G^, 
[i^^f *  26  ]  the  fame  ftill  holds:  For,  drawing 
DFy  df  parallel  to  ^  C  5-  then,  becaufe  DFB 
dfh  are  fimilar  Triangles,  BD  :  kd  ::  DF  :  df; 
but  it  has  been  already  iliewn  that  DF  is  to  df, 
as  AD'i  to  Ad%  Wherefore  BD  istohdy  as 
AD'l  to  A  d^l. 

Thirdly,  if  B  D  be  fuppos'd  to  be  drawn  ac- 
cording to  any  other  certain  Law,  (for  inftance 
converging  toward  the  Center^)  fmce  BDyhd  are 
as  near  as  may  be  to  the  Point  A,  the  Angles  B,  h 
will  be  equal ;  and  confequently,  in  that  cafe, 
Bdihd::  (DF:df::)AD'i:Ad^.  Which 
was  to  be  demonftrated. 

SCHOLIUM, 

This  is  true  likewife  in  any  other  Curve,  to 
which  a  Circle  equi-curve  may  be  drawn ;  fuch 
as  all  the  Conic  Sections  are.  For  the  Points 
D,  d  (being  the  neareft  that  can  be  to  A)  muft 
be  in  that  other  Curve,  as  well  as  in  the  Circle, 
which  is  equi-curve  to  it,  by  Hypothefis :  Con- 
fequently 
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fequently  the  Properties  of  B  Dy  h  d^  which  a- 
gree  to  the  Circle,  agree  likewife  to  this  Curve, 
to  which  the  Circle  is  equi-curve.  And  fince 
the  foregoing  Propofition  is  true  of  all  Cir- 
cles, it  muft  likewife  be  true  of  all  Curves, 
that  can  have  equi-curve  Circles  drawn  to 
them. 

Proposition  XXV. 

Bodies  defcrihing  different  Circles  jvith  an  ecjuahk 
Motion^  are  aBed  upon  hy  Centripetal  Forces 
tending  to  the  Centers  of  tbofe  Circles.  And  the  For- 
ces are  to  one  another  as  the  Squares  of  the  Arcs^  dc- 
fcrihed  in  the  fame  time^  applied  to  the  Radii  of  the 
Circles*  This  likewife  is  true  of  the  Centrifugal  For- 
ces  of  the  Bodies  thus  moved, 

Becaufe  the  Bodies,  by  their  Vis  i^fita  alone, 
would  defcribe  Tangents,*  'tis  evident  that  they 
are  drawn  off  from  their  Redilineal  Motion,  and 
retained  in  Circular  Orbits  by  Forces  tending 
to  Points  within  the  Circles.  But  fince,  by 
ilippofition,  they  are  carried  in  the  Circumfe'-- 
rences  by  an  equable  Motion  ^  the  Areas  de- 
fcribed  by  a  Radius  drawn  to  the  Centers  ar© 
equally  augmented ;  and  therefore  are  propor- 
tional to  the  time  which  flows  equably  ^  and 
confequendy  thefe  Forces,  by  Vrop,  xii.  tend  to 
the  faid  Centers. 

Let  the  Bodies  il^and  7"[F/^.  27.]  revolving 
m  the  Circumferences  of  the  Circles  MA,  TR^ 
defcribe  the  infinitely  fmall  Arcs  M  F,  TD; 
From  their  extremities  F,  D,  draw  the  Right 
lines  J^E,  D  C  as  far  as  the  Tangents,  either  pa- 
rallel to  SM,  S  r,  or  diverging  from  S:  (For  it 
comes  to  the  fame,  fince  MF^TD  are  only  na-- 
fcent  Arcs.)  Thefe  Right  lines  are  the  efFedls 
of  the  accelerating  Centripetal  Forces^    and 

coo- 
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confequently  proportional  to  them,  as  their  a- 
dequate  Caufes;  that  is  the  Centripetal  Force  of 
the  Body  M  is  to  the  Centripetal  Force  of  the 
Bodyr,  as  EF  to  CD.  Make  the  Fig.  MGU  fimilar 
to  the  Fig.  TC  D  ;  wherefore  G  H  will  be  a  na- 
fcent  Right  line  i  And  (o  C  D  is  to  G  H,  as  the 
Arc  TDy  to  the  Arcil^H.  And,  by  the  pra^ceed/ 
GHisto  E  Fas  MHI  to  Mfii  And  therefore, 
ex  ie^uo,  CD  is  to  ET;  as  (TDyiMH'i  to 
MHxMFl  •  that  is,  zsTD  X  MH  to  M  F% 
eras)  TDvi  MH^  ST  to  MF'i'^sr:  And 
fince  jTCD,  A/ G  H  are  fimilar  Figures,  the  Arcs 
TD,  ikf  H  are  fimilar ;  that  is,  STi  SMiiTD: 
MH.  WhQrdoTQMFIyiST^^TD^SM.  Then 
by  Subftitution  CD  :  EF  ::  CrDq>c5Mj 

r^q     MF^ 
MF^y^ST::)  "^  :  ;j^^ 

But  the  Centripetal  Forces  of  the  Bodies  T 

and  M  were  fliewn  to  be  proportional  to  C  D, 

E  F.    Therefore  the  Centripetal  Force  of  the 

Body  revolving  in  TR,  is  to  the  Centripetal 

TD^ 
Force  of  the  Body  revolving  in  M  J^  as  —-r 

«j  J. 

fr.  .    And.  (becaufe  the  Motion  in  both 

is  equable)  TD  and  M  F,  b^ng  defcrib'd  at  the 
fame  time,  have  the  fame  ratio  with  any  others 
defcrib'd  at  the  fame  time.  Wherefore  the  Cen- 
tripetal Force  of  a  Body  revolving  in  TR,  is  to 
the  Centripetal  Force  of  a  Body  revolving  in 
M  A,  as  the  Square  of  an  Arc  defcribed  in  any 
time  in  TR  applied  to  the  Radius  S  T^  is  to  the 
Square  of  an  Arc  defcribed  in  the  fame  time  in 
MA  applied  to  the  Radius  S  M. 

If  the  abovementioned  Bodies  be  imagined 
to  be  tied  to^,  by  two  Strings^  and  kept  revol- 
ving 
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ving  in  the  Circles  by  the  help  of  them ;  the 
fame  Force^   whereby  the  String  is  ftretched, 
confider'd  as  ir  is  in  the  String  pulling  the  Body^ 
IS  call'd   the  Centripetal  Force,  but  confidered 
as  it  is  in  the  Body  ftretching  the  String,  may 
be  caird  the  Centrifugal  Force  :  And  confe- 
quently  all  that  has  been  faid  concerning  the 
Centripetal  Force,  is  true  alfo  of  the  Centric 
fugal  Force.     Which  was  to  be  demonftrated. 
COROLLART  i. 
From  hence  it  follows^  that  if  a  Body  fhould 
be  let  fall  towards  the  Center,  being  aci-.ed  upon 
by  the  Centripetal  Force,  that  kept  it  in  the 
Circle ,-  fo  as  that  this  Force  be  neither  augment-^ 
ed  nor  diminiflied  in  its  defcent,  but  continue  tha 
fame,  and  to  the  firft  impulfe  continually  fuper- 
add  a  new  one  equal  to  it,  (which  is  the  Galilean 
ttypothefis  of  Gravity  :  )  In   the  time  that  the 
faid  Body  defcribes  an  Arc  in  the  Circle,  it 
would,  in  its  defcent  towards  the  Center,  dc^ 
fcribe  a  Right-line,  equal  to  that  which  is  pro- 
duced by  the  Square  of  that  Arc  applied  to  the 
Diameter  of  the  Circle.    For  by  this  Prep. 'tis 
evident  it  is  done  in  the  very  beginning  of  the 
Fall ;  and  in  the  prefent  Hypothefis  of  defcent^ 
the  Spaces  run  are  in  the  duplicate  Ratio  of  the 
Times ;    and  fince  the  Circle  is  equably  defcri- 
bed,  the  Squares  of  the  Arcs  defcribed  are  alfo  in 
the  duplicate  Ratio  of  the  Times  of  defcrip- 
tion  :  Now  the  application  of  thefe  Squares,  to 
the  Diameter  of  the  Circle,  being  a  conftanc 
Quantity,    does  not  alter  the  Ratio.     Confe- 
quently  it  holds  perpetually.     So  that  in  this 
Hypothefis  of  an  uniform  Centripetal  Force,  a 
Body  would  in  half  the  Time  that  it  defcribes 
an  Arc  of  a  Circle  in,  defcend  the  length  of  a 
line^  equal  to  that  produced  by  the  application 

E  of 
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of  the  Square  of  half  that  Arc  to  the  Diameter 
of  the  Circle;  namely,  the  fubquadruple  of 
the  Right-line,  it  would  defcend  in  double  the 
time,  viz*,  in  which  it  defcribes  the  intire  circu- 
lar Arc. 

COROLLARY  z. 
From  hence  likewife  it  follows,  that  the  cen- 
tripetal Forces  of  Bodies,  defcribing  different 
Circles  by  an  equable  Motion,  are  in  a  ratio 
compounded  of  the  duplicate  ratio  of  the  Velo- 
cities diredly,  and  of  the  fimple  ratio  of  the 
Radii  inverfely.  For  the  Motion  in  any  Circle 
being  equable,  the  ratio  of  the  Velocities  will 
be  the  fame  with  that  of  the  Arcs  defcribed  m 
the  fame  time;  that  is,  of  the  Spaces  run  in  the 
fame  time :  But  (by  this  Propofition)  the  centri- 
petal Forces  are  in  a  ratio  compounded  of  the 
duplicate  ratio  of  the  Arcs  defcribed  at  the  fame 
time  diredly,  and  of  the  fimple  ratio  of  the 
Radii  inverfely :  Wherefore  the  ratio  of  thefe 
Forces  is  compounded  of  the  duplicate  ratio  of 
the  Velocities  diredly,  and  of  the  fimple  ratio 
of  the  Radii  inverfely. 

Proposition  XXVL 

THc  fame  things  being  fuffofedy  I  fay  that  the 
centripetal  Forces  are  reciprocally  as  the  Squares 
cfthe  Periodic  Times  applied  to  the  radii  of  the  Circles^ 
or  that  they  are  in  a  ratio  compounded  of  the  fimpU 
ratio  of  the  Radii  direBly^  and  of  the  duplicate  ratio 
of  the  Periodic  Times  inverfely.  The  fame  alfo  is  true 
of  the  centrifugal  Forces  of  thefe  Bodies. 

Let  the  centripetal  Force  of  one  of  the  Bodies, 
moving  in  one  of  the  Circles,  be  called  K,  in  the 
other -J ;  the  Celerity  in  one  Circle  C,  in  the 
other  c ;  the  Arcs  at  the  fame  time  defcribed  in 
the  firft  Circle  A,  in  the  fecond  a^  the  Radius, 

or 


Book  I.       (?/ Astronomy.  51" 

or  Diftance  of  the  Body  from  the  center,  in  the 
firft  Circle  D^  in  the  fecond  dy  the  Periodic 
^  Time  in  the  firft  Circle  T,  in  the  fecond  ^ 

'Tis  well  known,  that  in  comparing  the  mo- 
tions of  Bodies  together,  the  Spaces  run  are  ia 
the  compound  ratio  of  their  Times  and  Celeri- 
ties diredly.  But  the  Radii  of  the  Circles  are 
proportional  to  the  intire  Circumferences,  which 
are  the  Spaces  run  in  the  Periodic  Times.  And 
therefore  D  :d ::  Cy(.T:  oc  t,  fo  that  C  %  T%  i 
:=icY.tY.D:    therefore  C-  y.T'  %  d"-  =  c^xr*, 

xD\  Therefore,  dividing  by  D'x^%  'tis  -^ 

c^  X  t^  t^     T^     C^     c  * 

=--jr~- Wherefore  y:-::^:   y.   But; 

(by  Con  2. of  the  prec.)  Vivi:  —  *  -j-.  And 

t  ^     T'  t^ 

therefore  V:v::-y:  —-.    But  the  ratio  of -7- to 

d        D  d 

— ,  is  the  fame  with  that  of  ^^DtoT*^:  or 

of  t"-  tor%  and  D  to  d.  Therefore  the  ratio  of 
V  to  v  is  equal  to  the  ratio  of  t^  to  T',  and  of 
D  to  d. 

What  has  been  faid  of  the  Centripetal  Forces 
of  two  Bodies  revolving  about  a  Center,  is  true 
of  their  centrifugal  Forces ;  fmce  they  differ 
only  in  the  manner  of  conception^  as  was 
fliown  in  the  foregoing  Propofition.    ^  E,  D. 

COROLLARY  1. 
From  hence  (and  from  Corol.  2.Prop.preced.) 
it  follows,  that  if  the  Periodic  Times  are  equal, 
then,  as  well  the  centripetal  Forces,  as  the  Velo- 
cities,   will  be  as  the  Radii  ^  and  we  verfa^ 
E  z  For, 
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For,  by  this  Propofition,  — =-^ — ^.  Where- 
fore if  7"=^,  or  7"'=/%  then  will  r:i;::  Did. 
And  'vice  "uerfay  if  V:  ^ ::  D:  d^  fince  Fi'vi: 
D^*  :  dT*y  thQn  Did:: D/  :dT^;  andconfe- 
quently  T^=^t^y  or  7*=  f.  The  fecond  part  of 
the  Corollary  appears  from  hence.  In  the  com- 
parifon  of  Motions,  the  Velocities  are  as  the 
Spaces  run  in  the  fame  Time.  But,  becaufe 
the  Periodic  Times  are  equal,  the  Spaces  run  in 
the  fame  time  are  the  Circumferences  of  the 
Circles  ;  but  they  are  as  their  Radii.  Confe- 
quentiy  the  Velocities  are  as  the  Radii.  The 
converfe  of  this  Propofition  is  drawn  afcer  the 
fame  manner. 

COROL  LART  2. 
Hence  alfo  it  follows,  that  if  the  Squares  of 
the  Periodic  Times  are  as  the  Radii,  the  centri- 
petal Forces  are  equal,  and  the  Velocities  are 
in  the  fubduplicate  ratio  of  the  Radii  ,•  and  ruice 

^^erfa.    For  from  this  Prop.  — =-     ^,    :    But 

by  fuppofition,  T^ :  t^  ::  D  :dy  or  D  x  ?  "^  = 
^  X  r^  Therefore  F  and  i;,  proportional  to 
them,  or  the  centripetal  Forces  themfelves,  are 
equal.  And  ^ke 'verfa^  if  Kssi/,  the  quantities 
proportional  to  them  will  likewife  be  equal, 
namely,  D%t'':=^  d%T^ :  And  therefore  D  :d:  .- 
T""  .'t"".    In  like  manner,  becaufe  by  Cor.  2.  of 

V       C^  Y.d 

the  preceding  Prop.  — =    ,     ^.   and  in  the 
"V       c    Y.D 

prefent  cafe,  V=^v^  then  C  ^  xD  will  be  equal  to 

c'  X  D,  or  C^  :c\:  D  :d;  that  is,  C:  c:  :  ^  D: 

V  d.     The  converfe  of  this  is  drawn  after  the 

fame  manner  as  that  of  the  former. 

COROL- 
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CORO  LLART  3. 
If  the  Circles  defcribed  are  equal,  the  centri- 
petal Forces  are  reciprocally  as  the  Squares  of 
the  Periodic  Times :  For  the  ratio  of  the  Radii, 
in  this  cafe,  being  that  of  equality,  makes  no 
alteration  in  the  compofition. 

Proposition  XXVII. 

THE  fame  things  being  fuffofedy  if  the  Bodies 
revolve  in  fuch  a  mmnery  as  to  have  the 
Squares  of  theFeriodic  Times  as  the  Cubes  of  the  Ra* 
diiy  then  the  Centripetal  Forces  are  reciprocally  as  ths 
Squares  of  the  Radii :  And  the  Celerities  of  the  Bodies 
are  reciprocally  as  the  Square  Roots  of  the  Radii ;  and 
vice  verfa. 

Retaining  the  Characters  ufed  in  the  former 
Propofition,   'tis  evident  from  it,  thztV ivii 

-J  :-p-.    From  whence  it  follows,  that  -  ^  ■ 

— ■"V"'^  or  rr*  J=:'uf^D.  And  therefore  D^ 2 
dViiT^itK  And  by  fuppofition,  D'^id'^  iz 
T^'it^'j  therefore  Dv:  dF::  D'^i  dK  Confe- 
quently  Dvd^  =  ^TD^;  or  v  d''  =  FD^ 
And  therefore  K:  v ::  d^ :  I)\ 

Again,  in  the  demonftration  of  the  forego- 
ing Propofition,  it  was  fliewn  that  C^  x  7*=^  X 
d^  =r  c^  X  t-  xD^.  Wherefore  c*  x  D*  :  C*  x 
^*  ::  r* :  r%  But  by  fuppofition,  D'^ :  d^ ::  T^z 
t\  Therefore  c'  x  D^-  :  C^  %  d^  ::  D^  :  dK 
And  fo  f ' :  C^  ::  D  :  d  (or  by  extrading  the 
Square- root,  and  inverting  the  Proportion)  C:  c:t 

X  -1 

J 2 :  D  '  •  that  is,  C:  c  ::\/d:\/ D.  Which  were 
to  be  demonftrated. 

The  Converfes  of  thefe  are  evident.  For  as 
from  the  putting  T^-:  t^'iiD'^  id  ^,  it  follows  that 

Fiv  :id^  I  D%  and  that  Ci  c  ix  d^ iD^ ^  Co 
E  3  con- 


54        The  Elements      Book  I. 

converfely,  from  the  fuppofition  of  any  one  of 
thefe,  you  may  return  to  the  former  Proporti- 
on, viz-  T'';r*  :;  D^^:  d^;  and  from  hence 
again  to  the  other  Conclufion.  And  confe- 
quently  any  one  of  thefe  three  being  fuppofed^ 
the  other  two  will  follow. 

SCHOLIUM. 
The  three  preceding  Propofitions  (and  their 
Corollaries)  are  true,  not  only  of  Bodies  revol- 
ving in  concentric  Circles,  but  of  fuch  alfo  as 
defcribe  Circles  whofe  Centers  are  intirely  dif- 
ferent, (  for  the  identity  of  Centers  was  not  fup- 
pofed  in  the  Demonftration^)  and  of  thofe  that 
defcribe  fimilar  parts  of  any  Figures,  having 
their  Centers  fimilarly  pofited.  For  what  was 
alTumed  in  the  Demonftration  of  thefe  Theo- 
rems in  Circles,  are  equally  true  of  all  other 
Figures  like  thofe  we  but  juft  now  defcribed  ; 
;iamely,  that  the  nafcent  Hneola  GH  (in  Fig, 
zj.)  is  to  the  nafcent  linepla  £  F,  as  il^  m 
to  MF^  (  for  this  is  demonftrated  of  any  Figure 
that  a  Circle  is  equicurve  to,  in  Prop.  24.)  and 
that  Af  His  to  TD  as  5Mto  ST,  is  true  of  any 
fimilar  Figures ;  provided  the  Center  S  be  fimi- 
larly pofited  in  both  Figures,  and  M  f/,  TD^  fi- 
milar, and  fimilarly  pofited  parts  of  thofe  Curves 
in  refped  of  the  Center.  And  inftead  of  an  e- 
quable  Motion  in  Circles,  if  the  Figure  be  dif- 
ferent from  a  Circle,  the  Motion  of  the  Body 
in  the  Perimeter  of  it,  mu ft  be  fuch,  as  that  the 
Areas  defpribed,  by  rays  drawn  to  their  Centers 
jfimilarly  pofited,  be  proportional  to  the  Times  ^ 
otherwife  (hy  Frof,  12.)  the  Forces,  whereby  the 
JBodies  are  drawn  afide  from  their  Redilineal 
Motion,  and  kept  in  their  Curvilineal  Orbits^ 
flp  |ip|  fy  niuch  as  fend  to  thofe  Centers. 
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Proposition  XXVIIL 

THE  Forces,  whereby  the  Primary  Tlanets  are 
ferfetually  retraBed  from  their  ReBilineal  Mo* 
ttonsy  and  retained  in  their  Orbit s,  are  reciprocally  as 
the  Squares-:  of  their  Difiances  from  the  €enter  of  the 
Sun,  which  they  reffeB. 

That  thefe  Forces  refped  the  Center  of  the 
Sun,  has  been  fhewn  in  Vrof.  i;.  But  that  the 
Law  of  thefe  Forces  is  fuch,  as  that  they  are  re- 
ciprocally as  the  Squares  of  their  Diftances  from 
the  Center,  or  that  they  increafe  as  the  Squares 
of  the  diftance  decreafes,  and  decreafe  as  the 
Squares  of  the  diftance  increafes :  As  for  in- 
ftance,  that  the  For^e  whereby  the  Earth  is  made 
to  tend  towards  the  Sun,  and  is  retained  perpe- 
tually in  its  Orbit,  fo  as  not  to  fly  off  in  a  Tan- 
gent to  it,  is  to  the  like  Force  in  Mars,  as  y  to 
4,  to  that  in  Jupiter  as  27  to  i  ^  becaufe  the  di- 
ftance of  the  Earth  from  the  Sun,  is  to  the  di- 
ftance of  Mars  from  the  fame,  as  2  to  3,  and 
to  the  diftance  of  Jupiter,  as  j  to  26  ;  and  that 
the  Centripetal  Force  in  the  Earth  is  but  half 
that  in  Venus,  becaufe  the  Earth's  diftance 
from  the  Sun  is  to  the  diftance  of  Venus  as  10  to 
7  ;  and  fo  on  in  the  others,  is  thus  demonftra- 
ted.  The  Motion  of  the  Planets  revolving  a- 
bout  the  Sun,  and  tending  towards  it  as  a  Cen- 
ter, is  fuch,  as  that  the  Squares  of  the  Pe- 
riodic Tim.es  are  as  the  Cubes  of  the  diftances 
from  the  Sun,  by  Vrof.  22.  Now  by  the  pre- 
ceding ?rof,  the  Centripetal  Forces  of  Bodies 
revolving  according  to  this  Law,  are  recipro- 
cally as  the  Squares  of  their  diftances  from  the 
Center:  Confequently  'tis  evident  that  the  For- 
ces refpeding  the  Sun,  by  which  the  Planets  are 
aded  upon,  and  retain  d  in  their  Orbits,  are  re- 
E  4  Cipro* 
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ciprocally  as  the  Squares  of  their  diftances  from 
the  Center  of  the  Sun. 

Propositipn  XXIX. 

TH  E  Forces  whereby  the  Secondary  Tlanets  axQ 
retained  in  their  Orbits^  are  reciprocally  as  the 
Squares  of  their  Difiances  from  the  Center  of  their 
reffeBive  Frimary^  to  which  thefe  Forces  tend. 

For  iincQ  (by  Trop.  21.)  the  Motion  of  the 
Circum-Jo vials  revolving  about  Jupiter,  and 
Circum-Saturnials  revolving  about  Saturn,  is 
fuch,  as  to  have  the  Squares  of  the  Periodic 
Times  in  the  fame  ratio  with  the  Cubes  of  their 
Diftances  from  the  Center  of  Jupiter  and  Sa- 
^urii  r^fpedively  ;  and  fmce  (by  Frop,  2;.)^^^^ 
Centripetal  Forges  of  Bodies  revolving  by  this 
L^w  are  reciprocally  as  the  Squares  of  their  Di- 
ftances from  their  Center ;  'Tis  evident  that  the 
Centripetal  Forces,  whereby  the  Secondary  Pla^ 
nets  are  refpediively  urged  towards  Jupiter  and 
Saturn,  are  reciprocally  as  the  Squares  of  their 
Diftances  from  the  Center  of  their  refpedive 
Primary  Planet. 

But  this  Force  in  any  Secondary  Planet  is  on- 
ly one  part  of  the  whole  Force,  whereby  the 
Satelles  is  urged  ;  and  the  other  Force  is  the 
whole  accelerating  Force  whereby  the  Primary 
is  urged  ;  as  has  been  ftiewn  in  Frop,  20. 

As  for  the  Moon,  the  Earth's  attendant,  be- 
caufe  it  is  folitary,  it  has  no  other  Secondary 
to  be  compared  withal,  as  to  Diftance  and  Pe- 
riodic Times.  So  that  the  Law  of  its  Centri- 
petal Force,  whereby  it  i^  urged  towards  -the 
Earth,  cant  be  deduced  after  this  manner.  Yet 
hereafter  you  will  find  it  drawn  from  the  Figure 
of  the  Orbit  tfia^  thp  Moon  defpribes  about  the 
Earthy  which  hitherto  we  have  coniidered  as 
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not  differing  fenfibly  from  a  Circle.  But  if  it 
really  were  a  Circle  concentric  to  the  Earth, 
the  Law  of  the  Forces  whereby  it  is  retained  in 
its  Orbit,  could  not  be  from  hence  difcovered  s 
For  fuch  an  Orbit  may  be  defqribed  by  aBoSy, 
let  the  Law  of  the  Centripetal  Force  be  what  it 
will. 

COROLLART, 
It  follows  fr.om  thefe  two  Propoiitions,  that 
among  the  Primary  Planets,  that  neareft  the 
Sun,  and  among  the  Secondary,  that  next  the 
refpe<aive  Primary,  moves  fafteft.  For  it  has 
been  demonstrated,  that  in  both  of  them,  their 
Centripetal  Forces  are  reciprocally  as  theSquare$ 
of  their  Diftances  from  their  Center:  And  in 
Trof,  27.  it  was  demonftrated  that  the  Celerities 
in  this  cafe  are  reciprocally  as  the  Square  Roots 
of  their  Diftances  from  the  Center  of  Motion; 
or  that  a  mean  proportional  between  the  Di- 
ftances of  thajt» which  was  nearer,  and  that  which 
was  more  remote,  is  to  the  diftance  of  the  near- 
er, as  the  Velocity  of  the  nearer,  to  the  Velo- 
city of  the  more  remote.  And  fince  the  firft  of 
thefe  Quantities  is  greater  than  the  fecond,  the 
third  will  be  greater  than  the  fourth ;  that  is, 
the  Velocity  of  the  nearer  is  greater  than  the 
Velocity  of  the  more  remote,  ' 


Segti^ 
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Section  V. 

Of  the  Motion  of  the  Primary  Planets  about 
their  proper  Axes,  and  of  the  Phasnomena 
thence  arifing. 


Proposition  XXX. 

TO  explain  the  Motion  of  the  Celeftial  Bodies 
about  their  f  roper  Axesy  given  in  Fojition,  and 
the  Revolutions  of  them. 

When  we  fay  a  Body  is  not  moved,  we  meap 
by  it,  that  every  line,  and  every  point  in  it,  is 
at  reft.  But  if  we  fay  a  Body  is  moved  along 
a  line^  without  any  other  Motion,  we  intend  to 
fignify,  that  the  Center  of  Gravity  of  the  Body 
defcribes  that  line,  while  the  parts  of  the  Body, 
in  refped  of  the  whole,  remain  at  reft^  that  is, 
<pvery  line  in  that  Body  retains  a  fituation  parallel 
to  that  it  had  before  it  was  moved;  and  confe- 
quently  every  line  in  the  Body  thus  moved,  re- 
mains always  parallel  to  it  felf.  For  afcer  this  man- 
ner, and  this  manner  only,  will  it  happen,  that 
the  Sum  of  all  the  Motions  will  be  the  leaft,  (that 
is,  the  motion  of  the  v/hole  the  leaft,  as  is  fuppo- 
fed)  and  that  any  point  of  the  Body  thus  moved, 
is  as  much  moved  as  any  other,  and  defcribes  a 
line  fimilar  and  equal,  and  only  differing  in 
fituation  ;  For  the  line  defcrib'd  by  the  Center 
of  Gravity,  is  fuppos'd  to  be  defcribed  by  the 
Body  it  felf,  from  the  known, nature  of  a  Center 
of  Gravity. 

If  a  Body  be  faid  to  be  moved  about  a  given 
Axe,  being  in  other  refpeds  not  moved,  that 
^xe  is  fuppos'd  tp  be  unmov'd,  and  every  point 
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out  of  it  to  defcribe  a  Circle,  to  whofe  Plane 
the  Axis  is  perpendicular.  And  for  that  reafon, 
if  a  Body  be  carried  along  a  line,  and  at  the 
fame  time  be  revolved  about  a  given  Axe  j  the 
Axe,  in  all  the  time  of  the  Body's  motion,  will 
continue  parallel  to  it  felf.  Nor  is  any  thing  elfe 
required  to  preferve  this  Parallelifm,  than  that 
no  other  Motion  befides  thefe  two  be  imprefled 
upon  the  Body  ;  for  if  there  be  no  other  third 
Motion  in  it,  its  Axe  will  continue  always  pa- 
rallel to  the  Right-line,  to  which  it  was  once 
parallel. 

Thefe  things  being  premifed,  'tis  evident 
from  Obfervation,  that  the  greater  Celeftial  Bo- 
dies, (if  not  all,  yet  atleaftof  every  kind)  befides 
the  Motions  fpoken  of  in  general  above,  do 
revolve  about  their  Axes.  And,  firft,  from  ob- 
fervations,  of  Spots  in  the  Sun,  'tis  evident 
that  the  Sun,  the  only  Body  of  its  kind,  in  our 
Syftem,  revolves  from  Weft  to  Jlaft  about  an 
Axe,  inclin'd  to  the  Plane  of  the  Ecliptic,  in 
an  Angle  of  about  87 -f  Degrees,  in  the  fpace  of 
about  27  Days.  And  fince  the  Sun  has  no  pro- 
greffive  Motion,  its  Axis  continues  unmoved. 
Among  the  Primary  Planets,  the  Earth  revolves 
with  an  equable  Motion,  from  Weft  to  Eaft, 
about  an  Axe,  inclin'd  to  the  Plane  of  the 
Ecliptic,  in  an  Angle  of  66  h  Degrees,  in  the 
fpace  of  a  natural  Day.  And  fince  the  JBarth 
alfo  is  carried  about  the  Sun  in  the  fpace  of  a 
Year,  its  Axe  muft  however  continue  parallel  to 
it  felf,  tho'  it  can't  be  intirely  at  reft.  And  this 
will  come^  to  pafs  by  meanrof  thefe  two  Moti- 
ons alone,  without  the  afliftance  of  a  third, 
which  fome  have  groundlefly  invented  and  cali'd 
by  the  name  of  a  Tarallelifm.  But  the  Axis  of 
f  he  Earth,  tko'  it  continue  parallel  to  it  felf,  as 

'       '      '  m 
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to  fenfe,  during  one  Revolution,  yet  after  feve- 
ral,  it  changes  this  Site.  Of  the  Caufes  and 
Phasnomena  whereof,  we  fhall  fpeakin  a  proper 
place. 

After  the  fame  manner  Jupiter  is  revoived, 
from  Weft  to  Eaft,  about  an  Axe  in  the  fpace  of 
about  lo  Hours;  Mars  in  24^  Hours^  and  Ve^ 
nus  in  25  Hours,  about  their  Axes;  every  one 
of  which  therefore  continues  always  parallel  to 
itfelf,  if  thefe  Bodies  are  not  moved  by  any 
other  kind  of  Motion  befide  their  Revoluti- 
on about  the  Sun,  and  Circumrotation  about 
their  own  Axes. 

Among  the  Secondary  Planets,  the  Moon,' 
the  Earth's  attendant,  befides  its  monthly  Mo^- 
tion  about  the  Earth,  and  annual  about  the  Sun, 
(by  which  alone  each  line  in  it  would  be  always 
parallel  to  its  felf,)  it  likewife  revolves  about 
itfelf  in  the  fame  fpace  of  a  Month,  fo  as  to 
turn  always  the  fame  Face  to  the  Earth. 

We  are  not  fo  certain  yet  of  the  other  Planets, 
both  Primary  and  Secondary,  from  Obfer- 
vations.  Notwithftanding,  'tis  probable  that 
they,  like  the  former,  revolve  about  a  certain 
Axe  ;  for  this  reafon,  that  every  part  of  them 
may  be  brought  under,  or  removed  from,  the 
Rays  of  the  Sun,  more  than  once  in  one  Revo^ 
lution  about  the  Sun,  and  may  undergo  Changes 
and  VicifBtudes  fuitable  to  their  Nature. 

Proposition  XXXI. 

TO  defcrihe  the  Figure  of  the  Sun  and  FlanetSp 
re'vol'ving  about  their  own  Axes. 
If  the  Sun  and  Planets  were  deprived  of  all 
Motion  about  their  Axes,  they  would  put  on  a 
Spherical  Figure ;  fuppofmg  their  parts  like  the 
parts  cf  the  Earth,  to  gravitate  towards  their  Cen- 
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ter,  (fuch  as  really  they  are^  as  we  Ihall  afterwards 
demonltratej  and  either  are  now  or  were  for- 
merly fluid.  This  is  demonftrated  by  Archimedes 
in  Hy droftatics.  From  a  Motion  about  their  Axes, 
it  comes  to  pa(s,  that  their  Parts  receding  from 
the  Axis  as  much  as  they  can,  endeavour  to 
afcend  about  the  Circle  that  lies  betwixt  the 
two  Poles,  by  a  Centrifugal  Force  arifmg  from 
their  circular  Motion.  And  therefore  if  the 
Matter  of  the  Sun  or  Planet  be  fluid,  it  will  in- 
creafe  the  Diameters  of  that  middle  Circle  be- 
tween the  two  Poles,  by  its  afcent ;  and  leflTen 
the  Axe  towards  the  Poles  by  its  defcent,  and 
confequently  conftitute  an  oblate  Spheroid,  ge- 
nerated by  the  rotation  of  an  Ellipfe  about  its 
lefler  Axe ;  being  deprefled  towards  the  Poles, 
and  elevated  towards  the  Circle  that  lies  ex- 
adly  between  the  Poles,  more  or  lefs  according 
to  the  quantity  of  the  Centrifugal  Force.  This 
Spheroidical  Figure  is  obferved  in  Jupiter  by 
the  help  of  a  Telefcope  ;  and  is  proved  to  be  in 
the  Earth  by  Experiments,  (lince  we  can  take  a 
view  of  her  at  a  diftance.) 

SCHOLIUM. 
As  this  Spheroidical  Figure  follows  upon  the 
rotation  of  the  Body  about  its  own  Axis,  the 
fluidity  of  its  Parts  ^  fo,  on  the  contrary,  from 
this  obferved  Figure,  we  may  juftly  infer  its  Mo- 
tion about  its  Axis,  and  the  (former)  fluidity  of 
its  Parts. 

Proposition  XXXIL 

TO  explah  the  Vh^nomena  arifing  fiom  the  Di- 
urnal Motion  of  the  Earth  about  its  Axisjfeen 
from  the  Earth, 

In  the  foregoing  Propofitions  I  have  fhewn^ 
what  would  be  the  Phasnomena  of  the  Motion 

of 
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of  the  Sun  and  Planets  feen  from  the  Earth,  if 
the  Earth  were  a  Point ;  as  that  the  Sun  would 
feem  to  move  among  the  Fixt  Stars  from  Weft 
to  Eaft ;  that  the  Planets  would  fometimes  feem 
to  go  forwards,  at  another  time  backward,  ac- 
cording to  the  fituation  of  the  Sun  and  each 
Planet.  But  fmce  the  Earth  is  an  opake  Body, 
and  large  enough,  in  refped  of  the  Obferver, 
that  fmall  part  of  its  Surface,  tho'  Spherical, 
which  comes  at  the  fame  time  under  his 
confin'd  view,  will  feem  to  be  extended  like  a 
Plane.  And  the'E3'e  taking  a  view  of  the  Hea- 
vens all  around  itfelf,  defines  a  concave  fpherical 
Superficies,  concentric  to  the  Earth,  or  rather 
to  the  Eye  ;  which  the  abovemention'd  Plane 
of  the  Earth's  Superficies,  becaufe  drawn  thro* 
the  Center,  will  divide  into  two  equal  Parts^ 
one  of  which  will  be  vifible,  but  the  other,  by 
reafon  of  the  Earth's  Opacity,  will  lie  conceaFd. 
Becaufe  the  Earth  moves  upon  its  own  Axis, 
the  Spectator  Handing  upon  it,  together  with 
the  {aid  Plane  he  flands  upon,  call'd  his  Horizon, 
dividing  the  vifible  from  the  invifible  Hemilphere 
of  the  Heavens,  is  carried  round  the  fame  way, 
*viz,.  to  the  Eaft.  From  whence  it  is,  that  Ob- 
jeds  fituated  towards  the  Eaft,  and  invifible, 
become  vifible,  the  Horizon  finking  as  it  were 
below  them  ;  and  Objeds  fituated  towards  the 
Weft,  are  hid  and  become  invifible,  the  Hori- 
zon being  elevated  above  them.  And  the  for- 
mer Objeds  therefore  will  appear  to  the  Spe- 
<5lator,  who  ufually  reckons  the  Place  he  ftand^ 
in,  to  be  immoveable,  to  afcend  above  the  Ho- 
rizon or  rife,  the  latter  to  defcend  below  the 
Horizon  or  fet. 

Since  the  Earth  and  the  Horizon  of  the  Spe- 
dator  fix'd  to  it,  continues  to  move  always  to- 
wards 
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wards  the  fame  Quarter  and  about  the  fame 
Axis  equably ;  all  Bodies,  and  all  Appearances 
that  don't  partake  of  that  Motion  ("that  is^  all 
fuch  things  as  are  entirely  feparate  from  the 
Earth)  will  feem  to  move  in  the  like  time  uni- 
formly^  but  towards  the  oppofite  parts,  ^iz, 
from  Eaft  to  Weft,  excepting  fuch  things  as  the 
Earth's  Axis  produced  will  meet  withal,  they 
will  appear  at  reft.    And  every  one  of  thefe 
Objedls  according  to  Senfe,  will  defcribe  the 
Circumference  of  a  Circle,  to  whofe  Plane  the 
Axis  of  the  Earth  is  perpendicular  at  the  Cen- 
ter,   And  becaufe  all  thefe  Circles,  together 
with  the  vifible  ObjeAs  defcribing  them,   ap- 
pear to  be  in  the  concave  Spherical  Superficies 
of  the  Heavens,  concentric  to  the  Earth ;  eve- 
ry vifible  Objed:  will  feem  to  defcribe  a  greater 
or  lelfer  Circle,  according  to  its  greater  or  leC- 
fer  diftance  from  the  Points  above  defcribed, 
that  feem  at  reft.    In  fhort,  theCeleftiai  Sphere 
will  feem  to  be  moved  from  Eaft  to  Weft,  in 
the  Space  of  a  Day ;  about  the  fame  Axe  in 
Pofition,  about  which  the  Earth  really  moves 
in  that  time  from  Weft  to  Eaft :  And  thofe  Points 
will  be  the  Poles  of  this  Motion,  in  which  the 
Axis  of  the  Earth  produced  meets  with  its  Super- 
ficies; and  that  will  be  the  middle  Circle  betwixt 
the  Poles,  and  confequently  the  greateft,  (call'd 
the  <iy£^mnoBial  and  Equator ^  for  reafons  to  be 
explain  d  in  the  next  Propofition,)  where  the 
Plane  of  that  Circle  of  the  Earth,  which  lies 
exadly  between  the  Poles,   being  produced, 
meets  the  concave  Sphere.    And  univerfally, 
any  Circle  on  the  Surface  of  the  Earth,  mark'd 
by  any  Point  of  it,  in  the  diurnal  Motion  of  the 
Earth,  has  a  correfpondent  Circle  in  the  Cele- 
ftial  Sphere,  made  by  the^  interfe^ion  of  the 

Surface 
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Surface  of  the  Celeftial  Sphere  with  the  Super- 
ficies of  a  Cone^  whofeBafe  is  a  Circle  marked 
on  the  Earth,  and  Vertex  the  Center  of  the 
Earth.  The  Axis  of  the  World,  and  the  above- 
niention'd  Celeflial  Circles,  have  always  thq 
fame  fituation  among  the  Fix  d  Stars-;  becaufe 
their  primitive  Terreftrial  ones,  from  whence 
they  have  their  original,  produced  fo  far,  fall 
upon  the  fame  Stars,  as  to  Senfe,  in  what  Poine 
foever  of  its  Orbit  the  Earth  be  placed. 

Proposition  XXXlil. 
T^  O  explain  the  Th^enomena  of  the  Suii  fesn  froni _ 
the  'Earthy  arlfing  from  the  D'mrnal  Motio7%  of 
the  Earth,  abota  its  Axis^  in  conjunction  with  its  An^ 
nual  Motion  ahout  the  Sun  y   that  isy   to  explain  the 
changes  of  Day  and  Night,  and  their  variety  in  dif- 
ferent Placesy  and  different  Seafons  of  the  Tear. 

Tho'  each  place  of  the  Earth  be  inligh* 
ten^d  by  every  Star  that  is  above  its  Horizon, 
yet  the  illumination  of  the  Sun  being  fo  very 
great  above  all  others^  its  being  above  the  Hori- 
zon alone  is  called  Day;  and  its  abode  below  the 
Horizon  is  called  Night :  And  becaufe  the  Sun 
is  intirely  feparate  and  remote  from  the  Earthy 
and  fo  does  not  partake  of  its  Diurnal  Motion, 
it  will  Rife  and  caufe"Day,  in  refped  of  a  given 
place ;  and  being  carried  thro'  the  midft  of  the 
Heavens,  defcribing  a  Circle  to  appearance,  ha- 
ving the  Axis  of  the  World  perpendicular  to  its 
Plane^  will  at  laft  Set  again ;  making  the  Night 
to  continue,  till  by  the  apparent  univerfal  Revo- 
lution of  all  the  Celeftial  Bodies,  it  come  up  a- 
gain  above  the  Horizon  of  the  faid  Place. 

To  explain  the  variety  of  the  Days  and  Nights, 
and  the  Seafons  of  the  Year  thence  arifmg,  ima- 
gine the  Circle  T  ^^rf  [Fig,  28.]  to  reprefent 

the 
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the  Orbit  defcrib'd  by  the  Earthy  in  a  Year^ 
about  the  Sun  plac'd  in  the  Center  at  S.  The 
Circle  in  this  Scheme  is  defignedly  reclined, 
and  made  to  appear  in  the  form  of  an  Ellipfe, 
for  the  more  commodious  delineation  of  th© 
various  Portions  of  the  Earth. 

In  this  Orbit,  let  the  Earth  A^^B  E  be  fup- 
toofed  to  be  carried  after  the  manner  defcribed 
in  Prop.  30.  from  Y,  ^^  to  Hy&c,  revolving  at 
the  fame  time  about  its  own  Axis  B  J,  towards 
the  fame  quarter^  or  from  ^upwards  towards  E. 
The  extremities  of  the  Axis  of  the  Earth  will  be 
the  Poles  ^  A  the  Southern  Pole^  and  B  the 
Northern  :  £  ^  the  Equator^  whofe  Plane  is 
inclined  to  the  l?lane  of  the  Ecliptic,  by  an  An- 
gle of  2  3 -5- Degrees ;  'viz..  the  Complement  of 
66  X  Degrees  to  a  right  Angle,  by  which  the 
Axis  of  the  Earth  (perpendicular  to  the  Plane 
of  the  Equator)  is  inclined  to  it. 

As  A  ^B  E  reprefents  the  Earth,  fo  it  may 
be  imagin'd  to  reprefent  the  Celeftial  Sphere, 
(^defcrib'din  the  preced.  Prop.)  concentric  to  the 
Earth,  and  furrounding  it  as  it  were,  and  car- 
ried along  with  it;  for  this  Sphere  may  be  de- 
fcribed at  any  diftance.  And  the  Place  of  the 
Sun  or  any  Star  or  Celeftial  Point  in  this  Sphere, 
will  be  there,  where  a  Right  line  joining  the 
Center  of  the  Earth  and  the  faid  Point,  meets 
its  Surface,  for  there  the  Eye  plac'd  in  the  Cen- 
ter of  the  Earth  refers  it. 

Let  the  Earth  be  fuppos'd  to  be  at  :^,  where 
a  Right  line  S  =Cir,  Joining  the  Sun  and  Earth's 
Centers,  is  perpendicular  to  the  Axis  of  the  Earth 
A  B,  that  is,  where  the  Sun  appears  in  the  Plane 
of  the  Earth's  Equator  produced,  or  where  be- 
ing feen  from  the  Earth,  it  appears  in  the  /Equi- 
nodial  Circle,  marked  in  the  Celeftial  Sphere ; 
F  and 
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and  confequenrly  declines  neither  to  the  North 
Pole,  nor  the  South,  but  feems  to  defcribe,  iii 
its  diurnal  Motion,  the  Equinoctial  it  felf. 

The  Sun  always  feems  to  be  in  the  Plane  of 
the  Ecliptic,  (  as  was  fhewn  in  Frop.  2.)  it  will 
therefore  appear  to  be  in  the  common  interfe- 
dion  of  the  Circles  of  the  Ecliptic  and  iEqua- 
tor  defcribcd  in  the  Celeftial  Sphere ;  namely, 
in  v.  Now  in  this  Situation,  the  illumination 
of  the  Earth,  made  by  the  Sun,  reaches  both  the 
Poles  A^ndB;  (becaufe  the  Boundary  or  Circle 
of  illumination  is  a  great  Circle  on  the  Earth, 
to  whofe  Plane,  the  Right  line  joining  the  Cen- 
ters of  the  Sun  and  Earth,  is  perpendicular) 
confequently  half  the  Terreftrial  Equator  E  ^ 
or  any  other  Circle  parallel  to  it,  is  illuminated 
by  the  Sun,  while  the  other  half  continues  in 
darknefs.  And  therefore  every  Plane  of  the 
Earth  being  carried  round  by  the  equable  diur- 
nal Motion,  will  be  as  long  in  darknefs  as  it  was 
in  the  light,  that  is,  the  Day,  all  over  the  Earth, 
will  then  be  equal  to  the  Night.  From  whence 
the  Circle  that  the  Sun  then  defcribes  by  its  Di- 
urnal Motion,  lying  between  the  two  Poles  in 
a  Celeftial  Sphere,  is  called  the  ^/£qpfino^ial 
Circle. 

The  Earth  moving  a  little  forwarder  towards 
?n and /in  its  Annual  Motion,  has  the  Plane 
of  its  Equator  E  ^  no  longer  direded  towards 
the  Sun  ;  but  fubfiding  below  it  towards  the 
South :  From  whence  the  Sun  feems  by  little  and 
little  to  decline  from  the  Celeftial  Equator,  to- 
wards the  North  Pole.  For  the  Earth  being 
at  reft  to  all  appearance,  its  Equator  muft  like- 
wife  be  apparently  at  reft.  Confequently  the 
Celeftial  Equator  correfponding  to  it,  is  moved 
only  by  the  apparent  Diurnal  one  :  And  there- 
fore 
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fore  the  Sun,  which  changes  its  Situation  to  it, 
will  feem  to  move.  And  the  light  of  the  Sun, 
which  before  reached  to  both  Poles,  A  and  jB, 
will  by  degrees  be  fpread  beyond  J5,  and  fall 
fhort  of  Ai  But  when  the  Earth  arrives  at  '^ 
and  the  Suh  hereupon  appears  in  ^,  where  it 
will  feem  to  have  its  greateft  declination  North- 
ward, (equal  to  the  inclination  of  the  Ecliptic 
to  the  Equator,)  and  will  afterwards  return  to- 
wards the  Ecliptic.  The  Circle  in  the  Celeftial 
Sphere  parallel  to  the  Equator,  and  exprefs'd  by 
TCy  to  which  the  Sun  in  its  North  declination 
feems  to  have  arrived,  and  defcribe  by  its  Diur- 
nal Motion  at  that  time,  is  cali'd  the  Tropic  of 
Cancer 'y  borrowing  its  name  from  the  Sign  of  the 
Ecliptic  the  Sun  is  then  inj  with  which  name 
likewife  the  correfpondent  Circle  on  the  Earth 
is  caird.  The  Earth  being  in  this  Situation, 
'tis  evident  that  the  rays  of  the  Sun,  inlightening 
half  of  it,  will  reach  beyond  the  North  Pole  J?, 
to  L,  and  flop  fhort  on  this  fide  the  South  Pole 
Ay  at  F,  fo  as  that  the  Arc  B  L  or  A  F,  is  equal 
to  the  Arc  E  T;  the  meafure  of  the  Sun's  greateft 
declination,  or  of  the  Inclination  of  the  Ecliptic 
to  the  Equator.  If  Circles  be  imagined  to  be 
drawn  thro'  L  and  F,  parallel  to  the  Equator 
E^y  (namely  KL,  FG,)  they  will  be  the  Folan 
Circles ;  the  one  the  ArtUcy  and  the  other  the 
Antar^ic.  Thefe  things  being  fuppos'd,  'tis 
plain  that  all  that  Tra^t  of  the  Earth,  which  is 
included  in  the  Arctic  Polar  Circle  KL,  notwith- 
ftanding  the  Diurnal  revolution,  is  all  the  while 
inlightened,  and  injoys  therefore  a  continual 
Day ;  and  on  the  contrary,  that  all  within  the 
compafsof  the  Antardic  Circle  FG,  have  con- 
tinual Night  or  Darknefs  covering  it.  'Tis  fur- 
ther evident  (from  Trop.  19.  Bookz.  oithQSfharia 
F  z  < 
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cfTh€ocloJim,)th2it  the  greater  part  of  any  Cir- 
cle, parallel  to  the  Equator  £^,  lying  between 
it  and  the  Ardic  Circled  Lj  is  inlightened^  the 
greater  part  of  any  one  lying  between  the  E- 
quator  and  the  Antarctic  Circle  FG,  is  in  dark* 
nefs ;  and  that  fo  much  the  more  (by  Frop.20.  of 
that  Book)  as  the  Circle  is  farther  diftant  from 
the  Equator;  and  (by  Trof.  11  Book  1,)  one  half 
of  the  Equator  is  always  in  darknefs,  and  the 
other  half  always  inlightened.     And  therefore 
in  that  Situation  of  the  Earth,  wherein  the  Sun 
appears  in  s ,  to  the  Inhabitants  of  the  Northern 
parts  of  the  Earth,   the  Days  are  longeft,   and 
Nights  ihorteft ;   confequently  it  is  Summer : 
But  to  the  Inhabitants  of  the  Southern  part,  the 
Days  are  fliorteft,  and  Nights  longeft,  confe- 
quently 'tis  Winter.     And  thefe  longeft  Days 
are  fo  much  the  longer,  and  fhorteft  Nights  fo 
much  the  fhorter,  according  as  the  Place  is  more 
Diftance  from  the  Equator :  But  to  fuch  as  inha- 
bit the  Equator,  the  Days  and  Nights  are  ftill 
equal,-  and  confequently  are  fo  all  the  Yearlong. 
The  Earth  going  forward  thro*  ^y  X,  to  Y,* 
during  which  time,  the  Sun  feems  to  move  thro' 
the  Signs  s ,  <5l,  and  n^,  the  Sun  returns  towards 
the  Equator  ;  till  at  laft  at  rO=,  the  Sun  appears 
in  the  Equator  of   the  Heavens,  (becaufe  at 
that  time,  the  Plane  of  the  Earth's  Equator 
produced  does  again  pafs  thro'  the  Sun,)  making 
the  Days  equal  to  the  Nights  all  over  the  Earth. 
And  now  again  the  extremities  of  illumination 
reach  to  both  Poles ;  fo  that  the  Day  under  the 
VoltB,  which  has  been  all  the  while  inlightened, 
is  equal  to  the  fpace  of  half  a  Year,  (the  time 
the  Earth  has  fpent  fmce  its  departure  from  zC^;) 
and  the  Night  under  the  Southern  Pole  -^,  as 
long. 

The 
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The  Earth  moving  forwards  thro*  the  Signs 
Xy'^y  ir,  the  Sun  will  feem  in  the  mean  while, 
to  go  thro':£i:,  tn  and  / ,  and  to  decline  gradual- 
ly from  the  Equator  towards  the  South ;  till 
atlaft,  the  Earth  being  really  in  s,  and  the 
Sun  appearing  to  be  afvy,  all  the  fame  Appear- 
ances will  happen  to  the  Inhabitants  of  the 
Southern  Hemifphere,  as  have  happen'd  to  the 
Inhabitants  of  the  Northern  Hemifphere,  when 
the  Earth  was  atYP;  and  what  happen  d  to  the 
Inhabitants  of  the  Southern  Hemifphere  before, 
will  now  happen  to  them  of  the  Northern. 
And  while  the  Earth  is  carried  throws ;  Si,  and 
VZy  the  Sun  will  feem  to  move  thro*  ^cp,  ^^  and 
Kto  the  Equator,  andY/compleating  the  Year: 
And  the  Sun  will  canfe  the  (ame  Phenomena 
of  Day  and  Night,  the  former  decreafing,  the  lat- 
ter increafing,  to  the  Inhabitants  of  the  Southern 
Hemifphere,  as  it  did  to  the  Inhabitants  of  the 
Northern  Hemifphere,  while  it  went  thro*  the 
three  oppofite  Signs. 


Section   VI. 

Of  the  Orbits  of  the  Planets  and  Comets, 
and  their  Figure^  together  with  the  Law 
of  Centripetal  Forces,  requifite  to  make 
them  move  in  fuch  Orbits. 


Proposition  XXXIV. 

E^ch  Trlmary  Planet  defer ibes  the  Terimeter  of  an 
EJlipfej  halting  the  Sun  in  one  of  its  Focus* s^ 
Having  hitherto  been  treating  of  what  was 
general,  'twa^  fufficient  to  confider  the  way  of 
F  3  each 
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each  Planet,  as  if  it  were  the  Circumference  pf 
a  Circle,  having  the  Sup  for  a  Center,  fince  ic 
does  not  differ  very  nnuch  from  a  Circle.     He 
that  confiders  the  Phasnomena  of  the  Planets 
mov*d  about  the  Sun  more  clofely,  will  find, 
that  they  are  not  every  where  equally  diftant 
from  the  Sun :  por  inftance,  the  Earth  is  more 
diftant  from  the  Sun  in  Sumn^er  than  in  Win- 
ter ;  as  is  evident  from  the  apparent  Diameter 
pf  the  Sun,  which  is  greateft  about  the  middle  of 
Juney  and  le^ft  about  the  middle  of  December, 
Tis  further  evident  from  the  fwifter  Motion  of 
the  Earth  about  the  Sun,  in  the  midft  of  Winter, 
than  in  the  midft  of  Summer,  near  a  fifteenth 
Part.    And  for  this  reafon  it  is,  that  there  are 
about  eighi:  Days  more  from  the  Vernal  Equi- 
nox to  the  Autumnal,  the  Sumnjer  Seafon,  than 
from  the  Autumnal  Equinox  to  the  Vernal,  the 
Winter  Seafon  ;  tho'  in  both  cafes  the  Earth 
or  Sun  feems  to  have  moved  but  a  Semicircle. 
Since  therefore  the  Earth  moves  fwifter  about 
^he  Sun  in  Winter  than  in  Summer,   it  muft 
then  be  nearer  to  the  Sun,  by  Tr op,  iz,  to  make 
the  Area,  defcribed  by  a  Right-line  drawn  from 
the  Sun,    augment  equably  as  the  Time,    thp 
greateft  length  of  the  Bale  compenfating  for 
the  leffer  Altitude  of  the  Trilineal  Figure.  Thp 
fame  holds  likewift  in  the  Motion  of  the  other 
Primary  Planets  about  the  Sun  :  Nay  the  Orbit 
of  any  of  them  (except  Venus)  is  more  different 
from  a  Circle,  having  the  Sun  for  its  Center, 
than  the  Orbit  of  the  Earth,  as  Ihall  be  fiiewii 
^ercafcer. 

This  deviation  of  the  Planets  in  their  Motions 
about  the  Sun,  from  the  Circumference  of  a 
Circle  concentric  with  the  Sun,  is  fo  great  and 
lenfjble,  th^t  allAftrpnpmers  have  been  oblig'drq 
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fuppofe  Eccentric  Orhs :  And  becaufe  they  thought 
it  was  paft  difpute,  that  all  Ccleftial  Motion  muft 
be  perfedly  Circular,  they  imagined  each  Planet 
to  be  moved  in  a  Circle,  as  AIPR  {_Fig.  29.]  Hi- 
ving its  Center  C,  at  fuch  a  diftance  from  the  Sun 
Sy  as  might  agree  with  its  Motions.  Theremotefl: 
Point  Jy  of  this  Excentric  Orb  from  the  Sun, 
they  call'd  the  Af  helium ;  P,  the  Verihelium  ,•  both 
the  Affides ;  the  Right-line  A  P,  connecting  the 
Apfides,  and  in  which  they  placed  the  Sun,  the 
Line  of  the  Affides  ;  the  part  of  it  C  S,  the  Ex- 
centricity.  And  by  the  help  of  fuch  a  Theory  of 
the  Planets  as  this  fuppofe,  the  Places  of  the 
Planets  found  by  Calculators,  agreed  exa(ftly  e- 
nough  with  their  true  ones  in  the  Heavens^ 
efpecially  of  them  whofe  Orbits  were  very  little 
different  from  Circles ;  for  inftance,  the  Earth, 
But  when  they  came  to  Mars,  its  Place,  by  com- 
putation from  this  Theory,  was  fo  different  from 
its  Place  by  obfervation,  that  they  concluded 
its  Orbit  was  not  Circular,  but  fomething  de- 
prefs'd  in  the  Points  I  and  R^  which  are  re« 
moteft  from  the  Apfides,  and  therefore,  as  it 
were,  an  Oval.  This  Oval  the  fagacious  Kepler^ 
(in  his  Commentaries  upon  Mars^)  after  indefatiga- 
ble pains  in  Calculations,  found  to  be  a  perfedl: 
Ellipfe,  having  the  Points  A  and  P  for  its  Verti- 
ces, which  were  the  Apfides  in  the  Circular  Or- 
bit, and  ftill  retain  the  fame  Names,  and  the 
Center  of  the  Sun  for  pne  of  its  Foci :  Becaufe 
this  Ellipfe  alone  exhibits,  the  Diftances  from 
the  Sun,  (or  Right-lines  SE)  agreeable  to  ob- 
fervation, as  it  does  the  true  Equation  for  de- 
termining the  Angle  A  S  Ey  from  the  mean 
Motion  of  the  Sun  given :  That  is,  only  the 
before  mentioned  Ellipfe  is  of  that  nature,  as 
to  have  the  Periodic  Time,  or  intire  Revolu- 
F  4  tion. 
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tion,  in  the  fame  ratio  to  the  Time  fince  its 
departure  from  the  Aphelium  in  Ay  as  the  in- 
tire  Area  JET  LJ^  is  to  the  Area  A  S  E  S^A, 
intercepted  between  the  jine  of  the  Apfjdes  SAy 
and  the  line  5  E  (known  by  obfervation;  drawn 
from  the  Sun  to  the  Planet:  But  that  this  is  a 
circumftance  in  the  Motion  of  every  Planet  a- 
bout  the  Sun^  is  evident  from  Vrop,  1 3 .  Befides, 
the  Place  of  the  Earth  in  an  Elliptic  Orbit  is 
fuch,  as  that  the  Places  of  the  other  planets  a- 
bout  the  Earthy  found  in  their  refpe^iye  Orbits 
by  Calculation,  and  feen  from  the  Earth,  agree 
very  exadly  with  their  Places  found  by  Obfer- 
vation  in  the  Heavens;  whigh  happens  To  ex- 
actly in  no  other  Orbit  whatever.  Since  there- 
fore the  Places  of  the  Planets,  found  by  a  Cal- 
culus accomodated  to  Elliptic  Orbs,  agree  fo 
exadly  with  their  Places  by  Obfervation ;  but 
do  not  at  all  agree  with  a  Calculus  founded  up- 
on Orbs  of  any  other  Figure,  but  upon  the  ac- 
count of  their  being  fomething  near,  or  ap- 
proaching to  an  Elliptic  form  ^  'tis  evident  that 
the  Orbits  defcribed  by  the  Planets  are  Elliptic 
The  Elliptic  Orbits  of  the  Primary  Planets 
defcribed  about  the  Sun  in  the  common  Focus, 
are  almoft  immovable  j  that  is,  when  the  Pla- 
nets are  carried  to  the  Apfides  of  their  Orbits, 
or  any  other  given  Points,  they  return  to  the 
fame  Points  of  the  Mundane  Space  nearly  ; 
For  fuch  kind  of  Orbits  only,  folve  the  obfer- 
ved  Phaenomena  of  the  Places  of  the  Planets 
^mong  the  Fixt  Stars,  feen  from  the  Earth* 

Proposition  XXXV. 

ACoTTJet  moves  in  a  Conic  S^Bion,  that  has  the 
Sun  in  ene  of  its  Foci. 

fox  fuel)  Orbits,  and  fiich  only,  agr^p  with 


Bqok^.       <?/ Astro N  OMY.       75 

the  Places  of  the  Comets  obferved  in  the  Hea- 
vens. 'Tis  true  that  Kefkr^  and  feveral  Pfailo- 
fophcrs  after  him,  fuppofed  the  Trajedories  of 
Comets  to  be  Right  lines ;  and  have  Calculated 
their  Places  upon  that  Hypothefis,  agreeing 
pretty  exadly  with  their  Places  by  Obfervation. 
But  this  might  have  been  done,  tho'  the  Comet 
were  moved  in  a  Conic  Section,  if  the  Obfer- 
vation were  made  only  while  it  is  in  that  part  of 
its  Orbit  which  is  not  much  different  from  a 
Right  line.  Let  ATFBC  [Fig,  ;o.]  be  a  very 
excentric  Sedion  of  a  Cone ;  that  is,  the  Di- 
ftance  of  whofe  Foci  is  almoft  equal  to  its 
Tranfverfe  Axe  :  Let  S^  the  Center  of  the  Sun, 
be  one  of  the  Foci ;  it  may  be  the  Comet  is  ob- 
ferv'd  while  it  is  defcribing  the  part  A  P  of  its 
Orbit,  but  during  the  reit  of  the  time,  while 
it  pafs'd  from  P,  thro' r,  B^  and  C,  (where  it 
difappears,  and  goes  off  into  very  djftant  Re- 
gions,) it  lies  hid  by  the  Rays  of  the  Sun,  in  re- 
fpQCt  of  the  pbferver  upon  the  Earth,  moved 
about  the  Sun  5:  Or  it  may  be  the  Comet 
was  hid  during  its  Motion  along  A  P  VB,  under 
the  Beams  of  the  Sun,  (the  Situation  and  Mo- 
tion of  the  Earth  allowing  of  it,  and  concur- 
ing;)  and  then  at  laft  is  obferved,  when  it  is 
come  to  By  and  is  about  to  defcribe  the  line B  C; 
afid  in  both  cafes,  the  Path  of  a  Comet  differs 
not  fenfibly  from  a  Right-lipe.  Jn  the  former 
cafe,  the  Comets  will  feem  to  be  fwaljow'd  by 
the  Sun ;  beeaufe  they  were  feen  before  their 
accefs  to  the  Sun,  and  afterwards  were  feen  no 
piore ;  and  confeguently  are  look'd  upon  as  de- 
ftroy'd  :  But  in  the  latter  cafe,  they  will  feem 
to  arife  out  of  the  Sun,  beeaufe  they  were  firft 
feen  in  their  afcent  from  the  Sun,  towards  the 
remote  Regions,    Befides,  when  a  Comet  in  its 
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defcent  towards  the  Sun  (as  in  AP,  comes  un- 
der ourObfervation,  approaching  afterwards  to 
the  Sun,  and  lying  hid  for  fome  time  in  his 
Rays  (namely,  while  it  defer ibes  PF5J  and  un- 
expededly  emerges  on  the  other  fide  of  the 
Sun,  with  a  Tail  confiderably  increafed,  (for 
reafons  afterwards  to  be  afligned  in  their  proper 
place;)  it  is  commonly  taken  for  a  new  Comet, 
and  (different  from  the  former ;  the  Trajedory 
of  the  one  being  the  Right  line  AT^  but  of  the 
other  BC.  Now  the  difference  and  feeming 
contrariety  of  their  Trajedories,  have  deceived 
fome  Aftronomers,  who  have  aflerted  that  it 
was  not  the  fame  Comet  that  defcribed  them 
both»  Nor  is  this  Miftake  eafily  corre<5^ed  in  a 
Comet  that  never  returns  to  the  fame  place,  as 
we  know  of,  by  Obfervation.  From  all  which, 
the  reafonfis  plain,  why  Redilineal  Trajedories, 
for  the  moft  part,  agree  with  the  Motion  of 
Comets;  namely,  becaufe  only  one  portion  of 
it,  is  taken  for  the  whole  Trajedory  :  But  4f  the 
whole  be  confidered  together,  as  well  in  its  de- 
feent  towards  the  Sun,  as  in  its  afcent  from  it, 
no  other  line  but  a  Conic  Sedion  would  be 
found  to  agree  with  it. 

Of  the  three  Sedions  of  a  Cone,  an  Ellipfe, 
having  the  Center  of  the  Sun  in  one  of  its  Foci, 
is  moft  agreeable  to  the  Motion  of  a  Comet,  as 
fhall  be  demonftrated  in  it?  proper  place:  And 
if  the  Comets  be  durable  Bodies,  and  return, 
none  but  an  Ellipfe  will  fuit  their  Motion.  But 
inftead  of  a  portion  near  the  Vertex  of  a  very 
cxcentric  Ellipfe,  which  the  Motion  of  a  Co- 
met requires,  a  portion  of  a  Parabola,  having 
the  fame  Vertex  and  Focus,  may  be  fubftituted ; 
becaufe  not  fenfibly  differing  from  it.  As  the 
Parabolic  Curve  is  its  true  Trajedory,  if  it  ne- 
ver 
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ver  return;  or  clfe  perhaps  an  Hyperbolic  one, 
if  there  be  any  fuch  Comet,  whofe  Motion  an 
hyperbolic  Trajectory  will  better  agree  to, 
than  a  Parabolic. 

Proposition  XXXVL 

EAch  Secondary  Planet  re'volves  ahotit  its  Tri^ 
maryy  in  the  Terimttt^r  of  an  Elliffey  having 
the  Center  of  the  Primary  in  one  of  its  Foci, 

As  for  the  Moon,  the  Earth's  Secondary,  it 
appears  once,  in  its  Revolution  about  the  Earth, 
leffer,  and  at  the  fame  time  flower;  and  in  the 
oppoilte  point  greater,  and  fwifter :  'Tis  plain 
therefore,  that  its  Orbit  is  excentric  to  the 
Earth.  That  it  is  an  Ellipfe  having  a  Focus  in 
the  Earth's  Center,  may  be  proved  by  reafons 
like  thofe  by  which  ( in  the  priced.  Prof.)  we 
demonftrated  the  Orbits  of  the  Primary  Pla- 
nets about  the  Sun,  to  be  Elliptic :  namely,  be* 
caufe  affuming  an  Elliptic  Orbit  for  the  Moon, 
its  diftances  from  the  Earth,  come  out  agreeable 
toObfervation,  and  the^Equations  of  its  Motion, 
fuch  as  are  not  to  be  found  from  the  Suppofition 
of  any  other  kind  of  Orbit.  All  this  agrees 
likewife  with  the  Orbits  of  the  Satellites  of  Ju- 
piter and  Saturn  ;  tho*  they  are  nearly  Circular 
and  concentric  with  Jupiter  and  Saturn. 

Tho'  the  Elliptic  Orbits  of  the  Primary  Pla- 
nets are  at  reft,  as  was  faid  in  the  praeceding 
Propolitipn,  yet  'tis  quite  otherwife  in  the  Se- 
icondary :  For  their  Motions  are  fo  difturbed  by 
caufes  to  be  explain'd  hereafter,  that  the  fame 
Ellipfes  are  not  defcribed  again,  abftradling 
from  the  Motion  of  the  primary  Planet.  But 
to  reduce  their  Orbits  to  Ellipfes,  we  muft  ima- 
gine the  Ellipfe  of  each  Secondary  Planet,  to 
pp  mpy^d  fo^  as  that  the  Plane  of  the  Ellipfe^ 
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and  Bocus  fixed  in  the  Center  of  the  Primary, 
continuing  the  fame,  the  Axis  of  the  Ellipfe  is 
carried,  in  confequentia^  by  an  angular  Motion, 
round  the  immoveable  Focus.  But  this  Motion 
is  fo  flow,  and  infenfible,  (being  in  the  Moon 
an  hundred  times  flower  than  the  Moon  it  felf,) 
that  it  may  very  well  be  negleded  in  this  place; 
and  the  EUipfes  defcpibed  by  the  Secondary  a- 
bout  their  Primary,  may  be  look'd  upon  as  un- 
moved, abflrading  from  their  Motion  round 
the  Sun  in  common  with  their  Primary. 

Proposition  XXXVII. 

IF  a  Body  he  projeBed  according  to  the  direBion  of 
any  Right  line,  and  at  the  fame  time  urged  hy 
a  Centripetal  Force  tending  to  the  Center  S,  [^Fig.  3  i.J 
fe  as  hy  a  Motion  compounded  of  hothy  it  defcrihes  the 
Curve  APp;  and  the  Right  line  PR  he  a  Tangent  to 
it^  in  a  point  P ;  and  from  the  point  B,  neareft  to 
P,  a  line  BD  he  drawn  perpendicular  to  the  Right  line 
S  P,  and  the  Right  line  B  R  parallel  to  the  fame  line 
S  P  ^  and  if  the  like  confiruBion  he  made  at  any  other 
Foint  p,  of  the  Curve:  I  fay  the  Centripetal  Force  in 

T^     .  T    ^      '       1  ^       .  Spixbdq 

P,   ts  to  the  Centripetal  Force  tn  p,  as        ■  

br 
Spq  xBD*? 
is  to  ' :p-^ • :  Or  that  the  Centripetal  Fores 

tn  P,    ts  reciprocally  as    the  Solid :^^ ■ 

when  the  Figure  P  R  B  D  is  indefinitely  fmall. 

Let  the  Force  in  P,  that  tends  to  the  Center 
Sy  be  called  V.  Let  the  Time  wherein  the  in- 
definitely fmall  Arc  TB,  is  run,  or  in  which  a 
Body,  by  its  Vis  injita  alone,  would  run  the  in- 
definitely fmall  Tangent  FR^  be  called  71  Let 
the  Centripetal  Force  ading  in  j>  be  called  v : 

au4 
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and  the  Time  that  p  b,  or  the  Tangent  p  r^  is 
run  in  call  f.  Take  an  Arc  P  /?,  run  in  the  fame 
time  with  the  Arc  ph  ;  and  draw  /3p  parallel  to 
TS.    Thefe  things  being  fuppofed,  'tis  evident 
that  the  ratio  of  the  lineola  BR  to  the  lineola  hr^ 
is  compounded  of  the  ratio  of  JBi^  to  ^P,  and 
of  the  ratio  of  ^p  to  ^r:  But  (by  Pro/>.  24.)  BR 
is  to  $f  in  the  duplicate  ratio  of  the  Arc  T  B  to 
the  Arc  P/g  •  and  thefe  Arcs,  fmce  they  are  in- 
definitely fmall,    are  as    the  Triangles  BSF, 
fiSPy  of  the  fame  Altitude ;  that  is,  (by  Prop, 
12.)  as  the  Times  in  which  they  are  defcribed  by 
a  radius  drawn  to  5;  or,  by  Conftrudion,  as  the 
Times  wherein  the  Arcs  PB,  phy  are  defcribed. 
Again,  the  lineola  /gp,  is  to  the  lineola  b  r,  as 
the  Caufes  producing  them,*  that  is,  as  the  Cen- 
tripetal Force  in  P,  to  the  Centripetal  Force  in 
p.    And  therefore  the  ratio  of  the  lineola  B  R 
to  the  lineola  b  r,  is  compounded  of  the  dupli- 
cate ratio  of  the  Times  wherein  PB  and  pb 
are  defcribed,  and  of  the  ratio  of  the  Centripe- 
tal Force  in  P  to  the  Centripetal  Force  in  p: 

BR       r^        F 
That  is,  in  Symbols,  -7 —  =  -^  +  — ;    or 

— —  =  — —  .  Andconfequently—  =  7— 7:;:^ 

But  (by  Prop.  1 1.)  5"  is  to  f,  as  the  Area  S  BP  to 
the  Area  Sbp;  or  as  its  double  5 P x 5 Z)  to 
S  pyibdth^  double  of  the  latter:  Subftituting 

therefore  inftead  of  the  ratio   ^,   its  equal 

SPly^BW  'v  "^  brycSP'lyc  BD'i* 

orrtOT,  as^RxS/J^lx W^  to  br'KSP'iyc 
BD'i;  that  is,  (  dividing  them  by  BRY.br) 

as 
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as  --^ to       ^  , — .       The   Force 

therefore  in  P  tending  towards  5,  is  reciprocally 

S  T  ^  "X.  J5/)  4 

as  the  nafcent  or  evanafcent  Solid — — , 

B  R 

Which  was  to  be  demon  ft  rated. 
COROLLART. 
From  v/her.ce,  if  any  Figure  (AFp)  be 
given^  and  in  it  a  Point  5,  to  which  the  Cen- 
tripetal Force  is  direded;  the  Law  of  the  Cen- 
tripetal Force^  whereby  a  Body  drawn  from  its 
redilineal  courfe,  fhall  be  made  to  keep  in  the 
Perimeter  of  that  Figure,  and  defcribe  it  in  its 
revolution,  may  be  found  ;  provided  this  Force 
be  compounded  of  a  proper  one  imprefs'd  along 
the  Tangent  of  the  Figure.  For  the  Law  fought 
(by  this  Frofc  57.)  is^  that  the  Force  be  recipro- 

cally  as  the  nalcent  Sohd  — — --- — ^— ,  w^hich 

B  R 

IS  to  be  computed  from  the  property  of  the  Fi- 
gure being  given.  A  remarkable  inftance  of 
which^  we  fhall  give,  taken  from  nature. 

Proposition  XXXVIIL  Lemma. 

IF  a  Right  line  ZP  R  ^Fig,  32.]  toueb  the  EUifft 
API,  jvhofe  Foci  are  S  andlE,  in  any  Foint  P, 
(ind  a  Diameter  as\¥^he  draivn  parallel  to  it,  thro' 
the  Center  C;  the  portion  EP,  of  the  Right  line  S  P, 
joining  either  of  the  Foci  (as  S)  and  the  foint  of  Con" 
iaBy  is  e^ual  to  half  the  greater  Axe  C  A. 

Thro'  the  other  Focus  F,  draw  FHparallel  to 
P  Ry  meeting  5  P  in  H.  Becaufe  fby  Frof.  48. 
lik  ^.  EL  Conic.  Jfollonius)  the  Angles  FP  2,  HFR, 
are  equal,  and  confequently  their  alternate  ones 
TFH,  PHFare  equal^  thereforePHis  equal  toPF. 
Again,  (by  z.Elew.  6.)  S  E  is  equal  to  E  H,  be- 
caufe 
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caufe  5  C  is  equal  to  C  F;  and  iince  S  His  the 
diflFerence  of  the  Right  lines  P  5,  PH,  it  will 
Ukewiie  be  the  difFerence  of  the  lines  PS,  P  F; 
and  E  H,  half  this  difFerence.  And  there- 
fore ?Ey  (  made  up  of  the  leffer  and  half  the 
difference)  is  equal  to  half  the  Sum  of  P  S,  and 
PF:  But  (by  Prop.^iJih,  :^. EL  Conic.)  the  Right 
lines  Spy  P F,  taken  together  are  equal  to  the 
greater  Axe:  Wherefore  half  their  Sum  (that  is, 
E  P)  is  equal  to  half  the  greater  Axe  CA,  Which 
was  to  be  demonflrated. 

Proposition  XXXIX. 

LEt  a  Body  revol've  in  an  Elliffe  ^  the  Law  of  the 
Centripetal  Force  tending  to  the  Focus  of  the 
Elliffe  is  required. 

Let  APM  [F/g-.  3;.]  be  the  Ellipfe,  whofe 
Perimeter  is  defcribed  by  the  revolving  Body  ; 
its  Focus  or  Umbilical  Point  S^  to  which  the 
Force  is  direded,  whereby  the  Body  drawa 
from  its  redilineal  Motion  is  retained  in  the 
Elliptic  Orbit :  required  the  Law  of  this  Force* 
Draw  the  conjugate  Axes  of  the  Ellipfes  TAy 
GTy  croffing  one  another  in  the  Center  C.  And 
thro'  any  Point  P,  in  its  Perimeter^   draw  a 
Tangent  P  2,  and  a  Diameter  P  My  and  a  con- 
jugate to  it  ICX  parallel  to  PZ^  to  which,  from 
P,  let  fall  the  perpendicular  P  N.       Compleat 
the  Parallelogram  PCIH,  and  the  Right  line 
I H  will  touch  theEllipfe :  (by  17.  Book  i.  Co?tic.) 
Join  S  P  cutting  li^  in  E.    Thro'  By  the  neareft 
Point  pofEble  to P,  draw  BR  parallel  to  PS, 
and  BX  top  Z,  meeting  the  Right  line  5P  in 
Xy  and  MP  in  O. 
The  centripetal  Force  tending  to  S,  is  (by 

Prof.  57.J  reciprocally  as  the  lohd  -- — s^^—" 

Which 
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Which  therefore  mufl  be  computed  from  the 
nature  of  theEllipfe.  In  order  to  which.  Jet  the 
Frincipal  Parameter  of  thQEWipCQy  Or  that  which 
belongs  to  the  greater  Ake  TAy  be  call'd  L.  The 
Ratio  oi  L  y^  B R  to  B  D^  is  compounded  of  the 
Ratios  of  L%B  R  to  LxPO,  L%? O  to  MO  % 
TO,  MO^TO  to  B0%  7?0q  to  BX%  and 
B XI  to  BDl:  But  the  Ratio  ot  LyiBR  to 
LY.PO,  or  (by  Tr^p.  i.  El.  6.)  of  B  R  or  P X 
to  VO,  is  equal  to  the  Ratio  of  P  E  to  P  C,  f  by 
Trop.  2.  EL  6.)  becaufe  XO  is  parallel  to  EC  ; 
and  (by  prseced.)  P  E  is  equal  to  ^C  :  There- 
fore the  Ratio  of  L  x  5  i^  to  L  x  P  O  is  equal  to 
the  Ratio  of  y4  C  to  P  C.  The  Ratio  like  wife  of 
L-kPO  to  A^O%PO  is  the  fame  with  the 
Ratio  of  L  to  MO.  And  the  Ratio  of  Af  O  x 
TO,  or  the  redangle  MOP  to  B0%  is  the 
fame  (by  Prop,  21.  B,  i.  Conic)  with  the  Ratio  of 
the  redangle  MCP  (that  is,  CP'l)  to  Id, 
And  in  the  prefent  cafe,  the  Ratio  of  i?  0  ^  to 
BX^  is  the  Ratio  of  equality;  for  the  Point  B 
coinciding  with  the  Point  P,  BO  becomes  e- 
qual  to  BX,  Laftly,  the  Ratio  of  B  X'i  to 
^  Dq  is  equal  to  the  Ratio  of  P  El  to  P N'i : 
(For  the  Triangles  BDX,  PNE  ^rQ  equiangu- 
lar, the  Angles  at  D  and  N  being  right ;  and 
B  X  D,  PEN,  being  alternate,  and  therefore 
equal,  becaufe  of  the  two  Parallels  J5  X,  EN,) 
And  P  E  q  is  equal  to  C  A^,  becaufe  the  lines 
themfelves  are  equal  fby  the  preceding  Propo- 
fitioaj  Therefore  the  Ratio  of  B  X^to  B  Di 
is  the  fame  with  the  Ratio  of  C  A'l  to  P  NH. 
Befides,  (by  Prop,  72.  Book^,  of  Gregory  St.Vhi- 
cent,)  the  rectangle  under  GC  and  C^  is  equal  to 
the  Parallelogram  PCIH,  that  is,  to  the  red- 
angle  under  IC,  PN:  Wherefore  (by  i6,El.6J 
C  A  is  to  P  N  as  IC  to  G  C ;  therefore  C  A'i 
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is  to  PN^  as  7 C^  to  G  C^:  The  ratio  therefore 
of  B  Xsi  to  BD%  is  the  fame  with  the  ratio  of 
IC^  to  GC^.  Since  therefore  the  ratio  of 
L%BRto  BD^  is  compounded  of  the  ratios  of 
L%BR  to  LxPO,  L%?  O  to  MO^aVO^ 
M0%?0  to  B0%  BO^  to  B  X%  and  B  X'i 
to  BD*^;  tis  compounded  alfo  of  ratios  refpe- 
dively  equal  to  thefe  ;  namely,  of  the  ratios 
of  ^C  to  PC,  L  to  MO,  CP^i  to  7CS,  and  Id 
to  GC9  ^  and  therefote  will  be  equal  to  the  ra- 
tio of  ^  C  ?<  L  x  P  C^  to  ?C%MOy>GCiz 
Bur  (by  Trap.  n^,Book  i.  Conic)  AC%L^2GC% 
Subftituting  therefore  the  one  in  the  room  of 
the  other,  the  ratio  oi  L%  BR  to  B  D'i,  is  equal 
to  the  ratio  of  2GCqxPCH  to  PCxMOxGCq; 
that  is^  to  the  ratio  iP  C  to  MO:  But  (  in  the 
prefenc  cafe,  fince  the  point  B  is  the  near  eft 
poffible  to  P,)  the  point  O  muft  be  the  leaft 
diftance  poffible  from  the  point  P;  that  is,  MO 
is  equal  to  2  P  C;  and  therefore,  in  this  cafe, 
Ly.br  is  equal  to  5D<3:  Becaufe  therefore, 

in  an  EUipfe,  BD'Ii=iLyBR,  'tis  — —- =, 

B  R 

f£Zl2LillL^^=  SP<ixL:  The  Centric 
V  BR  J 

petal  Force  therefore  is  reciprocally  proportio- 
nal to  this  Solid  ^  and  L  in  it  is  a  conftant  inva- 
riable Right  line. 

The  Law  therefore  of  the  Centripetal  Force 
tending  to  the  Focus  of  an  Ellipfe,  (whereby  % 
Body,  turn'd  off  perpetually  from  its  Rediiineal 
courfe,  is  kept  in  the  perimeter  of  that  Figure, 
and  defcribes  it  in  its  Motion,)  is,  that  it  15  reci- 
procally proportional  to  the  Square  of  the  di- 
ftance of  the  Place  P  from  the  Center  S^ 
Which  was  to  be  found. 
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COROLLaRT  I. 

If  the  Focus  Sy  of  the  Ellipfe^  to  which  the 
Force  tends,  together  with  the  nextVertex  7, 
continue  as  before  j  [^^.34.]  but  the  Focus  F,  ap- 
proach it,  and  at  lafl:  coincide  with  it ;  the  Body  \ 
Ty  will  now  be  kept  revolving  in  the  Perimeter  of 
a  Circle^  by  the  Centripetal  Force  tending  to  S, 
after  the  fame  manner,  and  by  the  fame  Law,  as 
it  was  in  the  Perimeter  of  the  Ellipfe.  And  as 
a  Circle  may  be  defcribed  by  a  Body,  aded  up- 
on by  any  Centripetal  Force  tending  to  a  point 
fituated  without  the  Right  line,  according  to 
the  diredion  of  which  it  would  have  moved 
by  its  Fis  injita  alone,  (as  was  faid  in  Trof.  2 9. J 
fo  a  Right  line  will  be  defcribed  by  a  Body  that 
is  urged  by  no  Force  tending  to  a  point  fituated 
without  the  faid  Right  line  :  For  if  the  two. 
Vertices  continue  the  fame,  and  the  Foci  ap- 
proach to  them,  the  Ellipfe  will  be  turned  into 
a  Right  line.  But  to  defcribe  any  other  Lines, 
befides  a  Right  one  and  a  Circular,  a  particular  . 
Law  of  the  Centripetal  Force  is  neccffary. 

COROLLART  2. 
If  the  Focus  5,  [F/g-.  gf.]  of  the  Ellipfe,  to 
which,  as  a  Center,  the  Force  be  direded,  toge- 
ther with  the  next  Vertex  T',  remain  as  before, 
and  the  other  Focus  F,  go  farther  oS  in  infinitum^ 
the  Body  P  will  be  kept  in  the  Perimeter  of  the 
Figure  T'P,  by  the  Centripeaal  Force  tending 
to  Sy  after  the  fame  manner  as  it  was  before, 
and  by  the  fame  Law.  But  in  this  cafe,  the  El- 
lipfe will  be  turn'd  into  a  Parabola  :  The  Law- 
therefore  of  a  Centripetal  Force  tending  to  the^ 
Focus  of  a  Parabola,  retaining  a  Body  in  the 
Perimeter  of  fuch  a  Figure,  is  this,  that  it  is 
reciprocally  proportional  to  the  Square  of  the 
Diftance  from  the  Focus. 

CO- 
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COROLLART^^ 

If,  all  the  reft  continuing  as  before,  the  Focus 
F^  [F/f.  ^6.]  go  off  to  a  more  than  infinite 
Diftance;  (that  is,  if  it  appear  on  the  other  fide 
of  T,  and  make  the  Vertices  A  and  T  lie  be- 
tween the  Foci  S  and  F ;  whereas  before,  the 
Foci  5  and  F  were  between  the  Vertices  A  and 
T^  in  which  cafe,  the  Ellipfe  is  turn'd  into  art 
Hyperbola  ;  the  Body  aded  upon  by  the  fame 
Law  of  the  Centripetal  Force  as  before,  (that 
is,  fo  as  to  increafe,  as  the  Square  of  the  Di- 
ftance  from  the  Center  decreafes, )  will  then 
move  in  the  Perimeter  of  this  Hyperbola. 

COROLLART  4. 
But  if  the  Focus  F,  [^Fig.  57.]  of  the  for- 
mer Ellipfe,  and  the  Vertex  A  continue  fixt, 
and  in  the  mean  while  the  other  Focus  S^  to 
Which  the  Force  is  direded,  goes  off  further 
and  further,  to  an  infinite  Diftance,  (that  is, 
if  the  Ellipfe  be  turned  into  a  Parabola^)  the  Cen- 
tripetal Force  direded  to  the  Point  5  at  an  in- 
finite Diftance,  or  according  to  Right  lines  pa- 
rallel to  the  Axe  AF,  by  which  the  Body  moves 
in  its  Perimeter,  will  become  equable  :  For  Di- 
ftances  from  an  infinitely  diftant  Center,  whofe 
intervals  are  finite,  are  equal.  And  therefore 
the  Force,  which  is  reciprocally  as  the  Square  of 
that  Diftance,  is  equable.  And  converfely,  a 
Body  aded  upon  by  an  equable  Force,  tending 
to  a  Center  infinitely  diftant,  and  which  con- 
fequently  is  direded  according  to  Right  lines 
parallel  to  a  given  one,  will  defcribe  in  its  Mo- 
tion a  Parabola,  whofe  Axis  is  parallel  to  the 
given  Right  line.  And  this  is  the  famous  The- 
orem of  Galikoy  concerning  the  path  or  trad 
of  a  Projedile. 

G  2  CO- 
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COROLLART  S' 

All  things  continuing  as  before,  if  the  Focus 
Sy  (or  Center  to  which  the  Force  is  directed  ) 
go  off  to  more  than  an  infinite  Diftance,  as  in 
Corol.  J.  it  happened  to  the  Focus  F,  then  the  El- 
lipfe  will  be  turned  into  an  Hyperbola,  [Fi^.58.] 
and  the  Body  made  to  move  in  the  Perimeter  of 
the  Figure  thus  changed,  by  a  Force  ac^ling  ac- 
cording to  the  direction  of  the  Right  line  5  P, 
that  is,  reciprocally  proportional  to  the  Square 
of  the  Diftance  of  the  Place  from  the  Center  5: 
and  that  confequently  is  a  Centrifugal  Force, 
in  regard  of  the  Point  5,  becaufe  the  Curve  J  ?, 
is  convex  towards  A. 

As  an  Ellipfe  is  defcribed  by  a  Body  urged 
by  a  Force  tending  to  either  of  the  Foci  (  be- 
caufe within  it,)  and  aAing  according  to  the 
Law  of  the  preceding  Propofition ;  and  an  Hy- 
perbola, while  the  Centripetal  Force  of  the  fame 
Law  tends  to  a  Focus  within  it,  or  while  the 
faid  Centripetal  Force  is  changed  into  a  Cen- 
'^rifugal  one,  tending  to  a  Focus,  without  the 
Curve :  So  a  Parabola,  which,  as  it  were  a 
mean  betwixt  chefe  two  Sedions,  partakes  of 
the  nature  of  both^  and  is  defcribed  by  the  a6li-^ 
on  of  a  Centripetal  Force  of  the  fame  Law, 
tending  to  a  Focus  within  the  Curve,  (as  in  both 
the  preceding,^  and  by  the  adion  of  a  Centri- 
petal Force  tending  to  one  Focus,  or  a  Centri- 
fugal Force  tending  from  the  other,  (after  the 
manner  of  an  Ellipfe  and  Hyperbola  refpe- 
dively,  j  according  as  that  other  Focus  is  fup- 
pos'd  to  be  placed  towards  the  convex  or  con- 
cave parts  of  the  Curve :  For  both  ways  it  may 
be  confidered  as  infinitely  diflant. 
COROLLART  5, 

From  this  Propofition  and  its  Corollaries,  it 
follows,  that  if  any  Body  be  projected  from  any 

Point 
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Poini:  P,  according  to  the  direfiion  of  any  Right 
lin^PRy  with  any  Velocity,  and  be  a Aed  upon 
at  the  fame  time  by  a  Centripetal  Force,  which 
is  reciprocally  proportional  to  the  Square  of  the 
diftanceof  the  Place  from  the  Center  5,  fitu- 
ated  without  the  abovemention'd  Right  line  ; 
it  will  be  moved  in  one  of  the  Conic  SetSlions, 
having  its  Focus,  as  the  Center  to  which  the 
Force  is  direded.  For  the  Ellipfe  of  the  for- 
mer Propofition  can  be  changed  into  no  other 
Line  but  a  Right  line  and  a  Conic  Sedion  5  fby 
the  motion  of  either  Focus  in  the  Axe  pro- 
duced if  need  be. )  And  the  principal  Para-^ 
meter  of  this  Sedion  or  L,  by  the  demonftrati- 
on  of  the  Propofition,  C where  it  was  Ihewn  that 
£x  5  R  =  iSD^,;  is  a  third  proportional  to  JBi^ 
and  B  D  confidered  as  nafcent. 

Proposition  XL» 

IF  fever  al  Bodies  revolve  about  a  common  Center^ 
and  the  Centripetal  Force  he  reciprocal^  as  the 
Square  of  the  Dlfiance  from  the  Center  ;  I  fay  the 
Squares  of  the  Veriodic  Times  in  Elllpfes  are  as  tks 
Cubes  of  the  Tranfverfe  Axes^ 

Let  there  be  any  two  Orbits  APT,ap  t,  about 
a  common  Focus  5,  0^.59  J  in  which  the  former 
Conftrudion  is  fuppos'd  to  continue.  Their 
Parameters  L  and  /,  (  by  Corol.  6.  of  the  pre- 
ceding Propofition^  are  refpedively  equal  to 

BD<i    b  d^       ,      ^  . 

r~~9  — p- ;   the  Points  B  and  P,    likewife 
a.  Jo         r  b 

Ifznipy  coinciding.     But  RB  \s  torifbeing 

generated  in  the  fame  time  J  as  the  Centripetal 

Force  in  P,  to  the  Centripetal  Force  inp  ;  that 

i^,  by  fuppofition,  as5/>^  to5P^  :  And  there- 

A        ,      ,        /^BD'i      b  d<l     \ 

G  3  idi 
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hd^ycSpi.  And  BDy^SP  is  to^^x  Sp,  as 
their  halves  ;  that  is^  as  the  Areas  defcribcd  at 
the  fame  time  by  the  Bodies  P  and  p :  And  there-r 
fore  L  and  /  are  as  the  Squares  of  the  Areas, 
that  are  defcribed  in  the  fame  time,  by  Radii 
drawn  to  the  common  Center  S  ;  that  is,  thefe 
Areas,  defcribed  at  the  fame  time,  arc  in  the 
fubduplicate  ratio  of  the  Parameters.  And 
fmce  the  intire  Areas  of  the  EUipfes  are  as  any 
leffer  parts  of  them,  defcribed  at  the  fame  time, 
drawn  into  the  refpedive  Periodic  Times ;  the 
intire  Areas  will  be  to  one  another,  in  a  ratio 
compounded  of  the  fubduplicate  of  the  Para- 
meters, and  fimple  ratio  of  the  Periodic  Times. 
Since  fby  Trcp..  191.  Book  4.  of  Gregory  St,  Vin^ 
cent)  the  Ellipfe  AGTT  i$  to  agty,  as  ^Tx  GT 
is  to  ^  f  X  ^  J  ;  And  therefore  the  redangles  unt. 
der  the  Axes  of  the  Elliples,  are  in  a  ratio  com- 
pounded of  the  fubduplicate  ratio  of  the  Para- 
meters, and  of  the  fimple  ratio  of  the  Periodic 

Times;  that  is,  as  L^  x  Periodic  Time  ixi  AFT 

to  /  2  X  Periodic  Time  inapt.  And  fmce  from 
the  nature  of  an  Ellipfe,  G  r  is  a  Geometric 
mean  between  L  and  ATy  and  gy  betwixt  /  and 

at;  ov  GT  =  L^  y^AT^y  and^7  s=  /  2  X  ^^ii 

Thereforei*x^r=-:/^x^j^  ::  (GTvcAf: 

gyy^  at ::)  £^  >^  Periodic  Titpe  in  ATT:  f^  yc 

Periodic  Time  in  ap  t.    Dividing  therefore  the 

Antecedents  by  Z.2  and  the  Confequents  by  /  i, 

and  fquaring  the  Quotients  you  will  have  the 

Cube  of  A  Ty  to  rhe  Cube  of  a  t,  as  the  Square 

of  the  Periodic  Time  in  the  Ellipfe  AFT,  to 

j;he  Square  of  the  Periodic  Time  in  the  Ellipfe 

^pto    Which  was  to  be  demonftra^ed, 

•    CORQLLAKT  J. 

Becauft  ^  Circle  is  a  Species  of  an  Ellipfe  ^ 

where  both  the  Foci  coincide  with  the  Center^ 

gnd  the  greater  A^q  is  equal  to  any  Diameter, 
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'tis  manifeft  that  the  Squares  of  the  Periodic 
Times  of  Bodies  revolving  in  an  Ellipfe  and 
Circle  about  the  fame  Center,  are  as  the  Cubes 
of  the  Tranfverfe  Axes :  And  therefore,  if  the 
Axes  and  their  Cubes  are  equal,  the  Squares  of 
the  Periodic  Times,  and  confequently  the  Pe- 
riodic Times  themfeives,  v/ill  be  equal :  that  is, 
when  the  Center  of  the  Forces  is  the  fame,  the 
Periodic  Times  in  Ellipfes,  will  be  the  fame 
with  thofe  in  Circles,  whofe  Diameters  are  e- 
qual  to  the  greater  Axes  of  the  Ellipfes. 
COROLLART  2. 
'Tis  evident  from  the  DemoMration  of  the 
Propofition,  that  the  Parameters  of  any  Orbits^ 
defcribed  by  Bodies  revolving  about  a  common 
Center,  and  aded  upon  by  a  Centripetal  Forge, 
which  is  reciprocally  as  the  Squares  of  the  Di- 
fiances  from  the  Center,  are  as  the  Squares  of 
the  Areas  defcribed  in  the  lame  time,  by  Radii 
drawn  to  the  Center :  For  this  was  demonftra- 
ted  univerfally  of  any  Orbits,  whether  Elliptic, 
Parabolic,  or  Hyperbolic,  before  the  reafoning 
was  confin  d  to  Ellipfes,  in  which  only,  the  Pe- 
riodic Time  has  any  place. 

Proposition  XLI. 

THE  Law  of  the  Centripetal  Force  hetng  as 
before  ;  /  fry  the  Velocities  of  any  Bodies 
revolving  about  the  J  awe  Center^  in  any  "points  what- 
e'ver,  are  in  a  ratio  compounded  of  the  fubdufUcaie 
ratio  of  the  principal  Parameters  belonging  to  the 
Lines  they  defcribe,  a^d  of  the  reciprocal  ratio  of  the 
perpendiculars  let  fall  from  the  common  Center  upon 
Right  lines  that  are  Tangents  at  the  points  ivhere  the 
Bodies  are. 

Let  the  Bodies  P  and  p  [F/^.  40.]  revolve  a- 

bout  the  common  Center  .S,  in  any  kind  of 

Lines  PJ5,  p  b.    Becaufe  the  Bodies,  by  fuppofi- 

G  4         '  tion^ 
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tion,  are  aded  upon  by  a  Centripetal  Force, 
reciprocally  proportional  to  the  Square  of  the 
Diftance  of  the  Place  from  the  Center  ;  thefe 
Lines  will  ( by  CoroL  6.  Prop.  39.)  be  Conic  Se- 
dions,  having  S  for  a  Focus.  Let  their  princi- 
pal Parameters  be  call'd  L  and  /.  From  Sy  let 
fall  5  N,  stty  perpendicular  upon  the  Right  lines 
F  Ry  fty  Tangents  in  P  and  p.  I  fay  the  Velo- 
city of  the  Body  P,  is  to  the  Velocity  of  the 
Body  py  in  a  ratio  compounded  of  the  ratio  of 
Z^  to  /2,  and  of  the  ratio  of  5  w  to  SN ^  or 
asX.2  x5»to  lfy.SN. 

Take  the  Arcs  PJ5,  ph^  defcribed  in  the  fame 
infinitely  fmall  time  j  and  thro'  B  draw  B  X  pa- 
rallel to  RPy  and  B  D  perpendicular  to  SP;  let 
the  fame  be  done  at  b.  The  Velocities  in  P  and  p 
are  as  the  nafcent  Arcs  PB^  fb  ,•  becaufe  they 
are  the  Spaces  run  in  the  fame  time  j  that  is, 
as  the  Lines  P  R  and  p  r  equ^l  to  them.  The 
right  angled  Triangles  B  D  X^  SNP^  having 
the  Angles  BXD,  S'PN  equal,  becaufe  B  X, 
NP  are  parallel;  fo  that  SN  :  SP  ::  BD:  BX; 
and  therefore  B  Xy  or  what  is  equal  to  it  Pi^  =^ 

SP^B  D       .     .              Sp>!,bd    ,  r     t  . 
TTT— .    And  p  r  ss  -^ .,  becaufe  of  fw 

milar  ratios.  But  5Px5I>,  Sp^hd  zxt  z% 
their  halves,  that  is/  S  P  5,  5  />i ;  or  the  Area$ 
defcribed  at  the  fame  time  by  the  Bodies  P  and  p^ 
which  again  (by  Cor,  2.  Prop,  preced.)  are  as  the 
Square  Roots  of  the  Parameters  L  and  /:  or  as 
f  to  /2.  ^xA  therefore  P2^  is  to  pr^  or  the 
Velocity  of  the  Body  in  P,'is  to  the  Velocity  of 

the  Body  in  py  as  ^  ^o  _\  or  as  i  ^  x  5  »^ 

to  i^  -iCSN:  That  is,  in  a  ratio  compounded  of 
the  fubduplicate  ratio  of  the  Parameters  to  th« 
figures  FB^  pk^  and  of  the  reciprocal  ratio  of 

?he 
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the  Perpendiculars,  let  fall  from  the  Center  of 
the  Forces  5,  upon  the  Tangents.  Which  was 
to  be  demonftrated. 

COROLLART  i. 
Hence  it  follows,  that  the  Velocities  of  the 
Bodies,  in  their  greateftand  lead  Diftances  from 
their  common  Focus,  about  which  they  revolve, 
are  in  a  ratio  compounded  of  the  fubduplicatc 
ratio  of  the  Parameters,  and  of  the  reciprocal 
ratio  of  the  Diftances  from  the  common  Focus. 
For,  in  their  greateft  and  leaft  Diftances  from 
the  Focus,  the  Perpendicular  to  the  Tangent  is 
the  Diftance  it  felf  If  thefe  Diftances  from 
the  Center  are  equal,  the  Velocities,  in  that 
moment  of  time,  are  in  the  fubduplicate  ratio 
of  the  Parameters  ^  that  other  ratio  of  the  di- 
ftances becoming  a  ratio  of  equality.  And  if 
one  of  the  Figures  be  a  Circle,  the  Velocity  in 
the  Conic  Section,  in  the  greateft  or  leaft  di- 
ftance from  the  Focus,  will  be  to  the  Velocity 
in  the  Circle,  as  the  Square  Root  of  the  Para- 
meter of  the  Conic  Se<5tion  is  to  the  Square  of 
the  Diftance. 

COROLLART  2. 
Xn  the  fame  or  different  Figures,  having  c-* 
qual  Parameters,  the  Velocity  of  the  Body  is 
reciprocally  a?  the  Perpendicular  let  fall  from 
Focus,  px  Center  of  the  Forces,  on  tfie  Tan^ 
gent.  JFor  the  fubduplicate  ratio  of  the  Para- 
meters, in  this  cafe,  is  a  r^tio  of  equality. 
And  therefore  the  Velocities  of  a  Body  revoU 
ving  in  an  Ellipfe,  in  the  greateft  and  leaft  di- 
fl:ances  from  the  Focus,  are  reciprocally  as  the 
diftances.  For,  in  this  cafe,  the  diftances  are 
the  perpendiculars  to  the  T^gents  of  the  Or^ 

CO- 
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COROLLART  5. 

The  apparent  Motions  of  a  Body  in  the  prin- 
cipal Vertices  A  and  P,  [i^?^.  41.]  viewed  from 
the  Center  of  the  Forces  S,  are  reciprocally 
as  the  Squares  of  the  Diftances  S  J,  S  P.  Take 
at  the  Vertices  A  and  P,  the  indefinitely  fmall 
Arcs  A  ay  ?  fy  defcribed  in  equal  indefinitely 
fm^ll  Times,  by  a  Body  revolving-about  5 ;  and 
join  S  a,  S  f.  The  apparent  Motions  of  the 
Body  from  S,  are  the  Angles  AS  a,  F  S  f. 
The  ratio  of  thefe  Angles  AS  a^  V  Sfy  is  com- 
pounded of  the  Ratio  oi  A  a  to  V  f  (fmce  thefe 
Arcs  do  not  differ  from  Circular  Arcs  defcribed 
upon  the  Center  5,  )  and  of  the  ratio  of  S  P  to 
SA*y  01:  the  reciprocal  of  the  Radii.  But  be- 
caufe  Aay  V  f  are  defcribed  in  equal  Times, 
they  will  be  as  the  Velocities  in  the  points  ^4 
and  P,  which  (  by  Corol.  preced.)  are  as  5  P  to 
S  A.  And  therefore  A  S  a  is  to  T  S  p,  as  5  P  9 
to  5^^. 

COROLLART  4. 

Hence  it  follows^  that,  if  the  Orbit  be  very 
nearly  a  Circle,  the  apparent  Motions  of  the 
Body  viewed  from  the  Center^,  are  very  nearly 
reciprocally  as  the  Squares  of  the  Diftances 
from  it.  For,  in  this  cafe,  all  the  Right  lines 
that  fall  upon  the  Orbit  from  5,  are  nearly  per- 
pendicular to  it. 

COROLLART  5, 

From  Corel,  2.  it  follows,  that  if  a  Body,, 
moved  5n  any  Conic  Sedion  ADS^Fig.^z.Ji 
as  before,  fliould  leave  the  Curve,  and  go  on 
uniformly  in  a  Right  line  P.^,  touching  the 
Curve  in  P,  with  the  Velocity  it  had  in  the 
point  P ;  the  Area  S  P  ^,  which  it  would  de- 
fpribe  by  a  radius  drawn  to  5,  would  be  equal 
to  the  Area  S  A  Dy  which  (in  the  fame  or  equal 
ume^)  it  would  defcribe,  being  kept  ftill  moving 

in 
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in  the  Conic  Section.  Take  the  lineola  A  a, 
F  Ry  defcribed  in  the  fame  indefinitely  fmall 
time,  by  two  Bodies-  and  from  the  Focus  S  of 
the  Sedion,  to  the  Tangents  J  H  and  P  ^,  let 
fall  the  Perpendiculars  SHy  S  N.  By  Corol.  2. 
the  Velocity  in  A  is  to  the  Velocity  in  P,  zsSN 
to  SH.  But  as  the  Velocities  in  A  and  P  are, 
fo  are  the  Spaces  run  in  the  fame  time,  by  the 
Bodies ;  namely,  A  a  and  P  R.  And  therefore 
A  a  is  to  P  R,  as  SNto  S  H,  Therefore  the 
Triangle  5  ^  ^  is  equal  to  the  Triangle  STR. 
And  fmce  this  holds  in  the  indefinitely  fmail 
Triangles  that  conftitute  the  Trilineal  Figures 
SAD,  andSP^,  and  the  Spaces  SAD,  SP^ 
are  made  up  of  an  equal  number  of  Triangles, 
the  Times  of  running  A  D  and  P^  being  ta- 
ken equal ;  the  Triangle  S  ?  ^is  equal  to  the 
Ar^a  SAD. 

Proposition  XLII. 

THE  Primary  Planets  and  Comets  moves  ahout 
the  Sun  according  to  this  Law,  that  the  Mo^ 
tion  of  each  is  compounded  of  an  equable  one  along  the 
Tangent  to  tht  Orhit,  and  another  tending  towards 
she  Center  of  the  Sun,  in  vjhich  the  accelerating  Force 
is  reciprocally  frofortional  to  the  Square  of  the  di-^ 
fiance  from  that  Center. 

Each  of  the  Primary  Planets  (by  Prop,  i;.)  Js 
aded  upon  by  a  Force  tending  toward  the  Cen- 
ter of  the  Sun  ;  and  (by  Prop.  54.;  defcribes  the 
Perimeter  of  an  Ellipfe,  having  the  Sun  in  its 
Focus ;  and  all  this  is  true  alfo  of  any  Comet, 
("by  Propofitions  14  and  ^y  ;  j  or  at  leaft  it  de- 
fcribes fome  other  Conic  Sedion  having  the 
fame  Focus,  feeing  it  is  aded  upon  by  a  Force 
tending  towards  the  Sun.  And  therefore  (by 
Prop.  39.  and  its  Corollaries)  every  Comet  is  acfiecj 
^pon  by  an  equable  Fprce  imprefs'd  along  3 
V  *  Tangent 
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Tangent  to  the  Orbit^  and  another  whereby  it  is 
drawn  off  from  the  Tangent  and  kept  in  a 
Curvilineal  Orbit,  which  tends  towards  the  Sun*s 
Center,  placed  in  the  Focus  of  the  Sedion,  and 
is  reciprocally  proportional  to  the  Square  of  the 
diftance  from  it.  Which  was  to  be  demon- 
ftrated. 

The  Planets  and  Comets  therefore  are  to  be 
conceived  as  fo  many  Projediles,  which  are  a<5ted 
upon  by  two  Forces.  For  in  this  manner,  and 
this  only,  do  they  defcribe  Orbits,  fuch  as  Ob- 
fervation  finds  them  to  be.  And  the  Law  of  the 
Force  that  draws  off  thefe  Proje61:iles  from  their 
Redilineal  Motion,  is,  that  it  increafes  as 
the  Square  of  the  diftance  of  the  Comet  or  Pla- 
net projeded,  from  that  Center  of  the  Sun,  in- 
creafes :  Which  is  the  Law  whereby  the  Planets 
tend  to  the  Sun,  as  we  have  demonftrated,  o- 
therwife  than  from  the  Figure  of  its  Path, 
in  Prof.  28. 

Proposition  XLIIL 

THE  Nodes  and  Af fides  of  the  Orbits  and  Fla^ 
nets  are  at  reft. 
For,  by  Trof,  40.  every  Planet  revolves  in  an 
immoveable  Plane,  and  the  common  Intcrfe- 
ction  of  any  two  Planes  continues  immoveable  : 
But  the  Interfedion  of  the  Plane  of  any  Planet, 
with  the  Plane  of  the  Earth's  Orbit,  is  the  Line 
of  the  Nodes  of  that  Planet.  The  Nodes  there- 
fore of  that,  and  in  like  manner  of  all  the  Pla- 
nets, are  at  reft.  Befides,  every  Planet  defcribes, 
in  a  Plane  that  is  at  reft,  always  the  fame  El- 
lipfe,  which  therefore  is  at  reft,  (by  Vrof,  ;4.) 
and  confequently  its  Apfides  are  at  reft*  Whicli 
^«&  to  be  demonftj;^€d, 

COKOl^ 
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COROLLA  RT. 

Since  the  office  of  every  Fixt  Star  is  like 
that  of  the  Sun^  (as  far  as  Men  are  capable  of 
judging^  )  namely,  to  havefeveral  leffer  Bodies 
like  fo  many  Planers  revolving  round  its  vaft 
Body;  its  other  afFedions  likewife  will  be  fi- 
milar;  as,  that  its  Motion,  like  the  Sun's,  will 
be  none  or  infenfible  ;  which  is  farther  evident 
from  the  conftant  and  always  the  fame  mutual 
Diftance  of  the  Fixt  Stars.  Confequently  the 
Situation  of  the  Nodes  and  of  the  Apfides  of  the 
Planerary  Orbits,  in  refped  to  the  Fixed  Stars, 
continues  the  fame. 

SCHOLIUM. 

This  Propofition  is  true,  if  the  Centripetal 
Force  of  the  Planets  towards  the  Sun  be  only 
confidered,  as  has  hitherto  been  done  :  But  if 
the  mutual  Actions  of  the  Planets  and  Comets 
upon  one  another,  be  taken  into  the  confidera- 
tion,  things  will  be  a  little  otherwife  ;  as  (hall 
be  fhewn  in  its  proper  place.  But  the  EfFeds 
of  thefe  Anions,  by  reafon  -.  of  the  fmall- 
neft  of  the  Forces  that  produce  them,  are 
veryfmall,  and  as  it  were  none  at  all,  and  there- 
fore to  be  negleded  in  this  place.  Nay,  the 
Motions  of  the  Nodes  and  Apfides  of  the  Pri- 
mary Planets  are  fo  fmall,  that  no  notice  at  all 
have  been  taken  of  them  by  very  confiderable 
Aftrononiers,  in  their  Calculations,  and  the 
Nodes  and  Apfides  look'd  upon  to  be  at  reft. 

Proposition  XLIV. 

THE  Vianet s  and  Comets  mo've  in  the  Hea^ 
njens  with  the  great efi  Freedom  •  and  con-- 
fequently  their  Motion  may  he  frefervedfor  a  very  long 
[face  of  time* 

For,  in  Vrof.  59.  (where  we  determined  the 
Law  of  the  Cent;ipetal  Force,  whereby  a  Body 

is 
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is  urged^  that  revolves  in  the  Perimeter  of  an 
Ellipfe^  or  any  other  Conic  Se<5lion,  having  the 
Center  to  which  the  Force  tends  for  a  Focas,) 
we  fuppofed  both  the  Motions^  of  which  the 
Motion  in  an  Elliptic,  Parabolic,  or  Hyperbo- 
lic Curve  is  compounded,  to  be  perfedly  free, 
and  having  nothing  to  hinder  or  refifl:  it.  Since 
therefore  the  Planets  defcribe  in  their  Motion, 
perfed  Ellipfes,  whofe  common  Focus  is  the 
Sun,  and  continue  their  revolutions  in  the  fame 
Ellipfes  ;  'tis  manifeft  from  the  converfe,  that 
the  Motions  of  the  Planets  are  intirely  free  from 
all  refiftance ,  that  is,  that  the  Planets  move  iil 
the  Heavens  very  freely.  And  if  the  Planets 
move  freely  in  the  Heavetis,  without  any  refi- 
nance, the  Comets  will  do  fo  too,  becaufe  they 
are  moved  along  the  regions  of  the  Planets,  du- 
ring their  being  vifible  to  the  Inhabitants  of  the 
Earth,  in  Orbits  that  are  either  true  Ellipfes  or 
fpecies  of  Ellipfes ;  namely,  Parabola's  or  H}^- 
perbola's,  having  the  Sun  in  the  Focus;  to  the 
defcription  of  which  the  fame  freedom  from  all 
refiftance  is  necelfary.  And  that  the  refiftance 
of  the  medium  in  the  regions  of  the  Solar  Sy- 
fteme,  beyond  the  Planets,  is  not  greater  than 
in  the  Planetary  regions,  is  very  probable.  Foi" 
if  there  were  the  leaft  fenfible  refiftande  in  the 
Heavens,  the  fame  Orbits  could  not  be  defcribed 
by  the  Planets  carried  about  the  Sun,  like  ib 
many  Projectiles,  as  have  been  demonftrated  to 
agree  to  them,  moving  freely :  But,  juft  as  in 
our  Air,  the  way  of  a  Projedile  is  found  to  be 
very  different  from  a  Parabola,  which  it  would 
defcribe,  if  there  were  no  refiftance;  fo  the 
ways  of  the  Planets  at  leaft  after  feveral  revo- 
lutions, would  be  found  to  be  very  different 
from  Ellipfes ;  and  the  Ellipfes  the  fame,  for 
Magnitude  and  Pofition,  with  fuch  as  are  to  be 

de= 
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defcribed  by  Planets,  moved  in  free  Spaces, 
would  not  fo  exadly  agree  with  the  Places  ob~ 
ferved  in  former  times,  as  well  as  in  the  prefenc 
Age,  as  we  find  by  a  due  Calculation  they  do. 
Confequently  there  is  no  refflance  at  all :  But 
the  Planets  and  Comets  move  in  the  Heavens 
very  freely,  and  therefore  their  Motion  may  be 
continued,  fo  as  to  endure  for  a  very  long  time. 
Which  was  to  be  demonftrated. 

Proposition  XLV. 

THE  Secondary  Planets  move  about  the  Trlmary 
according  to  this  Law^  that  befides  the  accele^ 
rating  Force  of  the  Frimarjj  the  Alotion  of  each  is 
compounded  of  an  equable  one^  along  the  Tangent  to 
the  Orbit y  and  of  ^  another  tending  to  the  Center  of 
the  Trimarjy  in  which  the  accelerative  Force  is  red- 
cifrocally  p'ofortional  to  the  Square  of  the  difiance 
from  the  Center. 

Laying  afide  all  the  accelerating  Force  where- 
by the  Primary  is  urged,  (as  was  done  inPrc^p.io.) 
each  Secondary  Planet  (by  Trof.  37.)  revolves  a- 
bout  its  Primary  in  the  Perimeter  of  an  Ellipfe, 
having  a  Focus  in  the  Center  of  the  Primary, 
to  which  (by  Prc/>.  20.)  the  Centripetal  Force 
tends,  by  which  it  is  drawn  off  from  its  rediii- 
neal  Motion  :  (For  the  deformity  of  the  EUipfe 
arifmg  from  the  Motion  of  the  Apfides,  or  from 
any  thing  elfe,  is  fo  fmall  that  it  may  well  be 
negleded  in  this  place :  )  And  therefore  (  by 
Vrof,  5 2. J  the  Law  of  the  Centripetal  Force 
tending  to  the  Center  of  the  Primary,  is,  that 
it  is  reciprocally  proportional  to  the  Square  of 
the  difiance  from  the  Center:  For  by  this  Force 
only  is  a  Body  drawn  off  from  a  Rec^tilineal 
Motion  in  a  Tangent,  arifing  from  its  Vis  infita^ 
and  kept  in  an  Elliptic  Orbit.     But  thefe  two 
Motions  fthe  one  equable  in  the  Tangent,  the 

other 
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othei'  tending  cowards  the  Center  of  the  Prima- 
ry, and  increafing  as  the  Square  of  the  diftance 
of  the  Satellite  from  it  leirens,j  being  com- 
pounded, make  the  Secondary  Planet  todefcribe 
an  Elliptic  Orbit  like  a  Projeaile. 


Section   VII. 

The  Planets  and  Comets  are  kept  in  their 
Orbits  by  Gravity,  which  is  propagated 
thro*  the  whole  Solar  Syfteme  according 
to  the  fame  Law. 


Proposition  XLVL 

THE  Force  whereby  the  Moon  tends  to  the  Center 
of  the  Earthy  is  the  fame  TL'ii  v  the  Farce  of 
Gra'vltjy  whereby  all  Bodies  about  the  Earth  tend  t9 
the  fame  Center. 

Let  RAE  [F/f. 4:5.]  reprefent  the  Earth,  7* 
its  Center,  VL  the  Orbit  of  the  Moon,  LC,  a 
part  of  it  run  by  the  Moon  in  the  fpace  of  a 
Minute.  Becaufe  (by  Frop.i^.)  the  Moon  ft-- 
niflies  its  Courfe  or  whole  Circle  in  27  days, 
7  hours,  43  minutes ;  that  is,  ;9?4;  minutes 
of  Time;  therefore  LC  is  tTjTT  of  the  whole 
periphery,  or  33  Seconds  of  a  degree.  Now 
the  Circumference  of  the  Earth  (according  to 
the  late  menfuration  of  Mr.  Vicart)  is  125249603 
Taris  Feet ;  confequently  itsSemidiameter  TA  is 
1961J800  Feet:  wherefore 77. the Semidiameter 
of  the  Moon's  Orbit  is  1 176948000  Feet;  or 
fixty  times  TAy  (by  Vrop,  i  j.)  And  the  verfed 
Sine  LD  of  the  Arc  LC^  of  ;;'',  and^C, 
which  is  equal  to  it,  is  i  f  ^'j.  Feet,  nearly.  The 
Force  therefore,  whereby  the  Moon  tends  to- 
ward the  Center  of  the  Earth  (as  by  which  it  is 

^awn 
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dfawn  ofFfroci  its  Re6i:ilineal  Motion  along  the 
Tangent  LB,  and  retained  in  its  Orbit,)  is  fuch, 
that  it  impels  the  Moon  towards  the  Center  of 
the  Earth,  about  i y^v  ^^^'^^  F^^t  i^  ^  Minute. 
By  the  preceding  Prop,  this  Force  in  the  Moon 
is  increased,     as  the    Square  of    the  diftance 
from  the  Center  of  the  Earth  is  lelTen'd ;   if 
therefore  it  defcend  to  the  Surface  of  the  Earth, 
where  the  Square  of  the  diftance  from  the  Cen- 
ter is  diminiflied  60  >c  60  times,  it  will  be  increa- 
fed  60  X  60  times,  and  therefore  'twould  impel 
the  Moon  placed  on  the  Surface  of  the  Earth, 
60  X  60  X  15-1  Feet,  towards  the  Center  in  a 
minutes  time.     But  Gravity  is  that  Force,  which 
impels  any  Body  placed  on  the  Surface  of  the 
Earth,  the  length  of  i^l  P^m Feet  towards  the 
Center,  in  the  fpace  of  a  fecond  of  time,  as 
Mr.  Hugens  has  determined  by  very  accurate 
Experiments,    in  Vrof.  2;.  Van  4.  of  his  Ho- 
rolog.  Ofcil.    Therefore  the  fame  Force  of  Gra- 
vity, in  the  fpace  of  a  minute,  impeils  a  Body 
60  X  60  X  i^  tV  Feet  towards  the  Center  •   be- 
caufe  the  Spaces  run  by  a  heavy  Body,  in  its 
fall,  are  as  the  Squares  of  the  Times,     Since 
therefore  the  Force,  whereby  the  Moon  is  kept 
in  its  own  Orbit,  and  the  Force  of  Gravity,  per- 
form the  like  and  equal  things,  and  would  pro-- 
duce  the  very  fame  Effeds,  in  the  fame  Circum- 
fiances,  and  tend  toward  the  fame  point,  (name- 
ly, the  Center  of  the  Earth,)  they  are  the  fame 
Forces  •  that  is,  the  Force  whereby  the  Moon  is 
drawn  off  from  its  Redilineal  Motion,  and  kept 
in  its  Orbit,  is  the  fame  Force  with  that  we  call 
Gravity.    Which  was  to  be  demonftrated. 

A  diftance  of  the  Moon,  a  little  greater  than 
fixty  times  the  Semidiameter  of  the  Earth, 
would  fit  the  preceding  Calculation  better,  as 
€0  y.    Which  number  likewife  is  more  agreeable 

H  to 
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to  Aftronomical  accounts :  Though  we  have 
thouj^ht  it  fufficient  to  give  the  meafure  in  round 
Numbers. 

SCHOLIUM. 
After  the  fame  manner  as  the  Moon  revolve?, 
about  the  Earth,  any  other  heavy  Eody  proje- 
cted with  a  Force  ftrong  enough,  from  a  given 
Point  without  the  Surface  of  the  Earthy  accor- 
ding to  the  direaion  of  an  Horizontal  Right 
line,  would  defcribe  an  Orbit,  and  compleat  ai 
revolution,  like  a  Planet,  without  touching  the  > 
Earthy   and  that  continually.     Let  the  Circle 
ABCD  [Fi^.44.]reprefent  the  Earth,  TicsCenr 
ter.     Take  any  Point  without  the  Surface  of  the, 
Earth,^  as  G,  from  which,  let  any  heavy  Body 
be  projected  according  to  the  diredion'of  the 
Line  G  H,  perpendicular  to  the  Line  TG.    'Tis 
evident,  that  if  the  Body  be  projected  with  lit- 
tle or  no  Force,  (that  is,  if  it  be  let  fall  freely) 
it  will  fall  down  to  the  Point  J,  diredly  under 
G;  but  if  vi^ith  fome  Force,    it  will  reach  the" 
Earth  at  the  Point  B,  diftant  from  A,  towards.- 
H'j  if  with  a  greater,  the  Body  projeded  will 
meet  the  Earth  at  C,  beyond  B.   If  the  projecftilel 
Force  be  incfeafed,  fo  as  that  the  Body  does  not 
reach  the  Earth,  till  it  has  got  beyond  the  Point: 
E,  oppofite  to  the  Point  A,  then  afcending  a- 
gain  towards  G,    it  will  compleat  the  Ellipfe, 
GKMF'^  and,  if  not  hindered,  will  perpetu-v 
ally  defcribe  it,  and  fo  become  a  Planer.    If 
the  Projeaile  in  the  Point  M  of  its  Way,  op- 
pofite to  G,  be  lefs  diftant  from  the  Earth,  than 
atG;  then  the  Center  of  the  Earth,  r,  is  the 
Focus  of  the  Ellipfe,  more  remote  from  G.    If 
the  projedile  Force  increafed  ftill,  till  the  Points' 
Af  and  G  are  equally  diftant  from  T^  the  Path  or. 
Orbit  will  be  a  Circle  •  and,  ftill  augmenting' 
the  projecaile  Force,  (all  other  things  continu- 
ing 
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ing  the  farne^  )  it  will  become  an  Ellipfe,  in 
which  T  is  the  Focus  that  is  neareft  G,  and  the 
other  Focus  will  be  removed  from  T,  proporti- 
onal to  the  augment  of  the  projedile  Force^  till 
at  lengthy  it  turns  into  a  Parabola,  and  then  in- 
to an  liyperbola.  The  fame  things  will  happen 
tho'  if  G  be  not  perpendicular  to  T^G,  excepting 
that  in  this  cafe,  G  will  not  be  the  principal 
Vertex  of  the  Orbit.  The  higher  the  Point  G? 
is  above  the  Earth,  the  lefs  Force  is  needful  to 
turn  the  Projedile  into  a  Planet ;  and  the  lower 
it  is,  the  greater  :  So  th-at  if  the  Moon  fiiould 
be  projected  with  the  fame  Celerity  as  it  is  car- 
ried now  in  its  Orbit,  from  a  height  above  the 
Earth  of  but  a  mile,  like  a  common  Projedile, 
it  would  meet  and  ftrike  the  Earth  before  it  had 
run  the  diftance  of  i^  miles.  For  the  Arc 
which  the  Moon  runs  in  20^^,  is  lefs  than  i  ^  miles^ 
and  a  heavy  Body  in  20^  near  the  Earth  in  fal- 
ling, runs  20  ><  20  X  I  f  tV  or  60:5  5  Feet^  that  is, 
more  than  a  mil^  ;  therefore  the  Moon  would 
ftrike  the  Earth,  before  it  could  be  projeded  to 
the  diftance  of  15'  miles.  But  if,  the  adion 
of  Gravity  continuing  the  fame,  and  the  Earth 
fhould  be  annihilated,  all  Projediles  ( like  the 
Planets)  would  defcribe  Ellipfes,  or  fome  other 
Conic  Sections,  whofe  common  Focus  would 
be  that  point  which  now  is  the  Center  of  the 
Earth. 

Pr'oposition  XLVII. 

THE  Sesondary  Tlanets  of  Juj4ter  gravitate  to^ 
7vards  Juftter,  the  Satellites  of  Saturn  towards 
'Saturn y  and  both  the  Vrimary  and  Secondary  Vianet s 
gravitate  towards  the  Sun  ;  and  all  of  them  are 
drawn  off  from  their  ReBilineal  Motions,  and  kepi 
in  their  Orbits  by  the  Force  of  their  Gravity, 
By  reafon  of  that  Simplicity  of  Nature  which 
Hz  is 
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IS  obfervable  in  all  her  Works,  more  Caufes 
ought  not  to  be  admitted^  than  are  fufficient  to 
explain  the  Pharnomena  of  Natural  things  ^  and 
the  natural  EfFeds  of  the  fame  kind  are  to  be 
looked  upon  as  having  the  fame  Caufes :  Since 
therefore  the  revolution  of  the  Medicean  Stars 
about  Jupiter,  and  Saturn  s  Attendants  about  Sa- 
turn, and  of  the  Primary  Planets  about  the  Sun, 
are  Phaenomena  of  the  fame  kind  with  the  re- 
volution of  the  Moon  about  the  Earth ;  their 
Caufes  will  be  the  fame.  For  the  Forces  where- 
by the  Secondaries  of  Jupiter  and  Saturn,  and 
the  Primary  Planets,  are  drawn  off  from  their 
Rectilineal  Motions,  and  kept  in  their  Orbits, 
refped:  the  Centers  of  Jupiter,  Saturn,  and 
the  Sun,  refpedively,  after  the  fame  manner,  as 
the  Force,  whereby  the  Moon  is  kept  in  its  Or- 
bit, refpeds  the  Center  of  the  Earth,-  and  the 
Forces  whereby  they  are  urged,  increafe  and 
decreafe  by  the  fame  Law,  according  to  their 
different  Diftances  from  the  Centers  of  Jupiter, 
Saturn,  and  the  Sun,  refpedively,  as  the  Force 
ading  upon  the  Moon,  placed  in  various  Di- 
ftances from  the  Center  of  the  Earthy  as  has 
been  demonftrated  before  at  large.  Confe- 
quently,  fince  this  Force  in  the  Moon  has  been 
ihewn  (in  Trop.  preced.)  to  be  the  fame  with  the 
Force,  which  we  call  Gravity^  that  Force, 
whereby  the  abovemention'd  Planets,  both  Pri- 
mary and  Secondary,  tend  refpedively  towards 
the  Sun,  and  their  Primary  Planets,  muft  be  the 
fame  with  the  force  of  Gravity.  Befides,  all  the 
Secondaries  gravitate  alfo  towards  the  Sun,  and 
their  Gravity  towards  the  Sun,  is  the  accelerative 
Force  that  is  common  to  each  Secondary  and 
its  Primary ;  concerning  which,  fee  Prop.  20. 
and  4j.    Which  was  to  be  demonftrated. 


CO' 
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COROLLART. 
Hence  it  is  evident,  that  there  is  fuch  a  thing 
as  Gravity  towards  the  Sun  and  all  the  Primary 
Planets.  For  fince  the  Moon  and  all  Terreftrial 
Bodies  gravitate  towards  the  Earth,  and  the  Sa- 
tellites of  Jupiter  and  Saturn,  towards  Jupiter 
and  Saturn,  refped:ively  •  and  fince  the  three 
other  Primary  Planets,  Mercury,  Venus  and 
Mars,  are  Bodies  of  the  fame  kind  with  Saturn, 
Jupiter  and  the  Earth,  (which  alfo  is  evident 
from  their  Gravity  towards  the  Sun,  before  de- 
monftrated,)  'tis  certain,  from  the  fimiiitude  of 
Caufes  of  the  like  natural  EfFeds  before  laid 
down  and  eftablifiied,  that  there  is  a  Gravity  al- 
fo towards  them,  whofe  accelerative  Force  is 
reciprocally  proportional  to  the  Square  of  the 
diftance  from  the  Center.  And  becaufe  to  any 
kind  of  Adion,  there  is  a  Re-action,  equal  and 
contrary,  the  Sun  likewife  muft  gravitate  to- 
wards all  the  Planets,  both  Primary  and  Secon- 
dary. Befides,  becaufe  it  is  certain,  from  Ex- 
periments accurately  made,  that  all  kinds  of 
Bodies,  at  the  fame  Diftance,  and  in  equal 
Times,  run  equal  Spaces  in  their  Falls  towards 
the  Earth,  and  that  the  quantity  of  Motion  of 
unequal  Bodies,  equally  accelerated,  is  as  the 
quantity  of  Matter.  AH  Bodies,  of  what  Na- 
ture foever,  in  equal  Diftances,  gravitate  to- 
wards the  Earth  proportionally  to  their  quan- 
tities of  Matter.  And  fince  no  doubt  but  the 
nature  of  Gravity  towards  the  Sun  and  Planets, 
is  the  fame  as  towards  the  Earth,  (which  is  fufr 
ficiently  manifeft  from  what  has  been  already 
faid,  as  alfo  from  hence,  that  the  Primary  Pla- 
nets and  their  Satellites,  that  is.  Bodies  very  un- 
equal, defcend  toward  the  Sun  with  an  equal 
accelerative  Force,  juft  as  Bodies  unequal  in 
Magnitude  and  Denfity  fall  with  equal  Celeri- 
f J  5  ties 
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ties  towards  the  Earth  ; )  'tis  evident  that  all  Bo- 
dies gravitate  towards  the  Sun,  and  each  of  the  ,. 
Planets;  and  their  Gravities  towards  any  onQj,^ 
at  equal  Diftances  from  its  Center^  are  propof-  ' 
tional  to  the  quantities  of  Matter  in  each.     And 
becaufe  all  Adion  is  mutual^  the  Sun  and  Pla- 
nets gravitate  according  to  the  fame  Law  towards 
all  Bodies,  and  confequently  all  Bodies  towards 
one  another. 

l; 

Proposition  XLVIII. 

THE  Force  or  Efficaey  of  any  Virtue  propagated 
from  a  Center,  or  to  a  Center,  in  Right  lines 
every  way  round,  ahout,  in  different  places,  is  recipro- 
cally proportional  te  the  Square  of  the  Diftance  of  the 
place  from  the  Center, 

Let  S,  \_Fig,  4^.]  be  the  Center,  from  which^- 
or  to  which,  the  Virtue  is  propagated,  round  it 
defcribe  two  Spherical  Surfaces  TE,  MA,  at 
any  diftances,  ST,  S  M.  I  fay  the  Force  pr> 
Efficacy  of  the  Virtue  in  T,  is  to  the  Force  of 
the  fame  in  M,  as  5  M^,  to  S  Tl. 

The  fame  Virtue  equally  difFufed  and  fpread 
thro'  a  double  Space,  will  be  twice  as  little  in 
any  given  part :  And  if  it  be  diffufed  thro'  a 
triple  Space,  it  will  be  three  times  as  little  i^ 
'  And,  tmiverfally,  the  Efficacy  of  the  Virtue  is 
reciprocally  as  the  Space  into  which  it  is  dif-  , 
fufed  j  becaufe  'tis  diredly  as  the  conftipation 
of  the  Virtue.  But  any  Virtue,  which  in  the. 
diftance  5  T  from  the  Center,  is  equally  difFu- 
fed thro'  the  Spherical  Surface  TE,  in  the  di- 
ftance ^S  M,  is  difFufed  thro'  the  Spherical  Sur- 
face MAy  after  the  like  manner.  The  Efficacy^ 
therefore  of  that  Virtue,  in  the  diflance  ST^ 
is  to  the  Efficacy  of  the  fame  in  the  diftance. 
S  M^  as  the  Spherical  Superficies  MA^  is  to  tho; 

Sphe- 
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Spherical  Superficies  3"£;    that  is,    as  S  M^ 
to  5T9.    Which  was. to  be.  demonftrated. 

Of  this  kind  are  the  Virtues  or  EfFeds  of 
Light,  Heat,  &c.  and  alfo  of  Gravity,  as  is 
evident  from  what  has  been,  already  demonftra- 
ted. But  forne  other  Virtues,  as  thofe^of  th^ 
Loadftone  and  Amber,  are  of  another  kind. 

pRorosiTioN  XLIX. 

THE   accelerati've  Gravities  towards   different 
Bodies^    in  equal  difiances,  are  as  the  Bodies 
themfelves  to'ward  which  they  4end, 

Let  there  be  any  two  Bodies  'A  and  B  [^Fig,^6.'] 
in  any  places  ^4  and  J§  ^they  (by  Corol.  Frop./^j.) 
will  gravitate,  towards  one  another :  And  fince 
the  Readion  is  equal  and  contrary  to  the  Adlion, 
the  Gravity  or  Motive  Force  of  the  Body  A 
towards  5,  is  equal  to  the  Gravity  or  Motive 
Force  of  B  towards  J.  But  the  Motive  Force 
refults  from  the  Quantity  of  Matter  or  Mafs 
drawn  into  the  Accelerative  Force,  juft  as  the 
Quantity  of  Motion  from  the  Quantity  of  Mat- 
ter drawn  into  the  Celerity :  The  O^uantity  of 
Matter  the,refore,  or  Mafs  of  the  Bodyy^,  drawn 
into  its  Accelerative  Force  towards  J5,  is  equal  to 
the  Mafs  of  the  Body  B  drawn  into  its  Accele- 
rative Force  towards  A.  Confequendy  the  Ac- 
celerative Force  of  the  Body  A  towards  5,  is 
to  the  Accelerative  Force  of  the  Body  B  to- 
wards A,  as  the  Mafs  of  the  Body  b/  to  the 
Mafs  of  the  Body  A :  But  the  Forces  f  treated 
of  h^re,)  are  the  Gravities,  and  the  Maffes  of 
the  Bodies  are  the  Quantities  of  Matter  or  the 
Bodies  themfelves :  And  therefore  the  Accelera- 
tive Gravity  of  the  Body  A  towards  5,  is  to 
the  Accelerative  Gravity  of  the  Body  B  to- 
wards A,  as  the  Body  5,  to  the  Body  A,  But 
(by  what  has  been  demonftrated  above,)  all 
H  4  Bodies 


'i0  4     The  Elements       Book  I. 

Bodies  placed  in  an  equal  diftance  from  the 
Body  B,  with  that  of  the  Body  J,  have  an  ac- 
celerative  Gravity  towards  B,  equal  to  that  of 
A  ;  and  all  Bodies  placed  in  a  diftance  from  the 
Body  Jy  equal  to  that  of  B,  have  an  Accelcra- 
tive  Gravity  towards  J^  equal  to  that  of  B ;  and 
the  diftance  of  the  Body  A  from  the  Body  By  is 
equal  to  the  diftance  of  the  Body  B  from  the 
Body  J^  and  the  Diftances  and  Bodies  are  taken 
at  pleafure.  Therefore  the  Accelerative  Gra- 
vities towards  different  Bodies,  in  equal  di- 
ftances, are  as  the  Bodies  themfelves.  Which 
was  to  be  demonftrated. 

CO  RO  L  LART 
From  hence  it  follows,  that  if  Gravity  be 
confider'd  as  the  Attractive  Force  of  the  Body. 
towards  which  it  is  direded,  propagated  as  in 
the  preceding  Propofition  ;  the  Abfolute  Forces 
of  the  attracting  Bodies  are  as  the  Bodies  to  which 
they  belong.  For  the  Abfolute  attra(5tive  Force 
of  the  Body  A^  is  to  the  Abfolute  attradive 
Force  of  the  Body  5,  as  the  Accelerative  at- 
traction of  all  Bodies  towards  A,  is  to  the  Ac- 
celerative attradion  of  all  Bodies  towards  B^ 
an  equal  diftances.  But,  in  equal  diftances, 
the  Accelerative  attraction  of  all  Bodies  is 
the  fame  with  the  Accelerative  attra(5tion  of 
any  Body,  and  thefe  Accelerative  attradtions, 
by  this  Propofition,  are  as  the  Bodies  toward 
which  they  tend;  that  is,  as  the  Attrading 
Bodies  themfelves :  And  therefore,  ex  aquoy  the 
Abfolute  Forces  of  Attracting  Bodies  are  as 
the  Bodies  themfelves,  to  which  they  be- 
long. And  hence  again,  and  from  what  goes 
before^  (hy  frof,  z%.  El  6.)  we  may  conclude 
that  the  Accelerative  Force  of  the  Body  Ay 
gravitating  towards  5,  is  to  the  Accelerative 
FoiQe  of  the  Body  C,   gravitating  towards  T^ 
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in  a  ratio  compounded  of  the  ratio  of  the  Body 
B  to  the  Body  D,  and  of  the  duplicate  ratio  of 
the  diftance  between  C  and  D  to  the  diftance 
between  A  and  B :  And  that  the  ratio  of  the 
weight  of  the  Body  J  to  the  weight  of  the 
Body  C,  is  compounded  of  the  abovemention'd 
compound  ratio,  together  with  the  ratio  of  the 
Body  J  to  the  Body  C. 

."  I  I      ..    ■ ..  I  'II  .!■ 

Section  VIIL 
Of  the  Motion  of  Bodies  attrafting  one 
another,  and  the  AfFeftions  5  which  are 
all  applied  to  the  Syftem  of  the  Sun  and 
Primary  Planets, 

Proposition  L. 

THe  Bodies  attraBing  one  the  other y  and  revol'vlng 
about  one  another 3  defcrihe  fimilar  Figures ^  both 
about  themfelvesy  and  about  the  common  Center  of 
Gra'vitj, 

In  Vrof,  29.  and  the  following  ones,  we  have 
explained  the  Motions  of  Bodies  attraded  to  an 
immovable  Center  ;  for  it  is  moft  proper  to 
begin  with  the  moft  fimple  Cafes.  But  becaufe 
the  Attractions  are  made  to  Bodies,  and  Bodies 
attrad  one  another  ;  as  has  been  before  demon- 
ftrated  :  When  a  Body  revolves  about  another, 
the  attrading  Body  it  felf  can't  be  at  reft  ;  but 
both  being  aded  upon  by  a  mutual  Attradion, 
do  revolve  about  the  common  Center  of  Gra- 
vity. And  if  there  were  more  Bodies  that  mu- 
tually attraded  one  another,  they  would  fo 
move  among  themfelves,  that  the  common 
Center  of  Gravity  might  be  either  at  reft,  or 
in  an  uniform  dired  Motion.  For  it  is  well 
known  to  Geometricians,  that  the  common 
Center  of  Gravity  does  not  change  its  ftate  of 
i"  r  '       ''  ^  '  '''■  Motion 
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Motion  or  Reft,  by  reafon  the  adion  of  Bodies 
upon  one  another ;  as  has  been  demonftrated 
iy  Mr.  PFren  and  Mr.  Hugens, 
\  Method  therefore  requires  us  to  confider  the 
Motions  of  BodieSj  as  was  faid,  attracting  one 
another;  namely,  the  Orbits  they  defcribe;  , 
?nd  the  other  generals,  wherein  a  Syftem  of 
Bodies  acting  upon  one  another  mutually  difr 
fers  from  the  Syftem  fuppofed  above  ^  and  that 
in  the  firft  place  univerfally,  whatever  the  Law 
of  mutual  Attradion  be. 
^,  Let  S  and  P  [^Fig,  47^]  be  the  two  attradihg 
Bodies,  which,  revolving  mutually  about  one 
another,  defcribe  the  Curves  S  fj  T  f^  while 
ttieir  Center  of  Gravity  C,  is  either  at  reft,  or 
(which  does  not  difturb  the  Dernonftration,) 
moves  uniformly  in  a  Right  line :  I  fay  that  the 
four  Figures,  namely,  SfC^FpC^  that  which  5 
defcribes  about  P,  confider'd  as  immovable,  and 
that  which  P  defcribes  about  5,  confider'd  after 
the  fame  manner,  are  fimilar. 

Becaufe5  and  P  continuing  thefame,  the  ratio 
of  CP  to  C  5,  daring  the  Motion,  will  likewife 
continue  the  fame ;  becaufe,  from  the  nature 
of  the  Center  of  Gravity,  it  is  the  fame  with 
the  refped  to  the  Bodies  S  and  P:  And  fmce  the 
Angles  FCp^  SCfy  are  every  where  equal,  (be- 
caufe C  is  in  the  Right  line  conneding  the  Bo- 
dies,) the  Figures  SfC,  PpC  will  be  fimilan 
For  the  Figures  P  pC,  '^/C,  are  fimilar,  which 
the  Right  lino  pCf^  defcribes  wirh  an  Angular 
Motion  about  the  Point  C,  confider'd  3s  at  reft^ 
provided  every  moment,  the  ratio  of  Cp  co  C/, 
be  the  fame  with  that  of  C  P  to  C  5. 

Again,  becaufe  the  ratio  between  SC  and  Cf 
is  always  given,  by  compounding,  the  ratio  of 
fptoCp  is  likewife  given,  and  the  Line /?€/ 
continues  a  Right  onie:  And  therefore  (by  whal ' 
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has  been  faid)  the  Right  line  Cp  about  the  Point 
C,  and  the  Right  line  fp  about  the  Point  /,  con- 
fidered  as  at  reft,  defcribe  fimilar  Figures.  Be- 
fides,  the  Figures  whereof  one  is  delcribed  by  p 
about  /,  cpnfidered  as  at  reft,  the  other  defcribed 
by /about  f^  confidered  Ukewife  as  at  reft,  are 
fimilar  and  equal^  (as  is  demonftrated  in  Optics,) 
becaufe/^  is  the  fame  in  Magnitude  and  Pofi- 
tiQn  vvijch  />/  Wherefore  the  four  Figures  prof 
pofed  a|-e  fimilar.    ^  E.  D. 

Proposition  LI. 

IF  tvjo  Bcdies  S  and  P  attraB  one  another  hy  any 
Forces^  and  in  the  mean  while  revdve  ah  out  the 
common  Center  of  Gratuity  C  ;  I  f^y^  that  a  Figure 
way  he  defcrihed^  hy  the  fame  Forces  ahout  either  of 
the  Bodies  confiderd  as  at  reft^  fimilar  and  equal  to 
the  Figures y  which  the  Bodies  [0  mo'ued  defer ihe  ahout 
one  another, 

Suppofe  the  Orbits  TR,  S^  [Fig.  48.]  to  be 
defcribed  hrft  about  the  Point  C  at  reft,  arid 
the  Points/and  p  any  places  at  pleafure,  to  which 
the  Bodies  S  and  P  arrive  at  the  fame  time.  Let 
the  Right  line  fC  p  be  fuppos'd  to  move  parallel 
to  its  lelf,  till  the  point/  coincide  with  5,  and 
let  this  be  done  in  all  the  correfponding  points- 
of  the  Curves  S^,  FR:  'Tis  evident,  that 
when  /comes  to  5,  the  other  extreme  of  the 
Right  line  fp,  thus  moved  parallel  to  it  felf,  will 
arrive  at  the  pointy,  in  the  Curve  T^^  which 
the  Body  P  would  defcribe  about  the  point  5,  if 
(S  being  at  reft)  P  fnould  revolve  about  it,  be- 
ing attra(5led  by  the  fame  Force  as  the  Bodies  did 
before  n\utually  attrad  each  other:  For  the  pa- 
rallel Motion  of  the  Right  line  /p,  makes  no 
alteration  in  the  Forces,  with  which  the  Bodies 
attrad  each  other.  But  the  fame  P^  is  the  Line^ 
which  P  defcribes  about  5^  confidered  as  at  reft : 

For 
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For  thus  it  really  continues  at  reft;  and  the 
length  and  inclination  of  the  Right  line  St  to 
SPy  is  the  fame  of  that  with//?.  Since  there- 
fore thefe  Figures  are  congruous,  they  are  equal 
and  fimilar.  And  what  has  been  demonftrated 
concerning  the  Figure,  which  P  defcribes  about 
Sy  is  true  of  the  Figure,  that  S  defcribes  about 
P,  looked  upon  as  at  reft,  namely,  that  it  is 
equal  and  fimilar.  But  if  the  Center  of  Gravity 
C  go  forward  uniformly,  by  fuperinducing  up- 
on the  Syfteme  of  the  Bodies  S  and  P,  an  equal 
and  contrary  Motion,  all  things  will  be  reduced 
to  the  former  Cafe  :  But  there  is  no  change 
made  by  this  uniform  Motion  along  parallel 
Right  lines,  in  the  Forces  of  the  Bodies  5  and  P. 
Therefore  the  Propofition  is  certain  in  both 
Cafes.  Which  was  to  be  demonftrated. 
COROLLARTi, 

Two  Bodies  mutually  attrading  one  another, 
by  any  Forces,  and  revolving  about  the  Center 
of  Gravity,  defcribe,  by  Radii  drawn  to  that 
Center  and  to  one  another.  Areas  that  are  pro- 
portional to  the  Times. 

COROLLARrz. 

Becaufe  a  Body  revolving  about  another  im- 
movable one,  and  attraded  to  it  by  a  Force  re- 
ciprocally proportional  to  the  Square  of  the  Di- 
ftance,  would  defcribe  (by  Trop.  39.)  anEUipft, 
or  fome  other  Conic  Sedion,  one  of  whofe 
Foci  coincides  with  the  Center  of  the  Body  that 
is  at  reft ;  it  follows,  from  this  Propofition,  that 
two  Bodies  attracting  one  another,  by  Forces 
reciprocally  proportional  to  the  Square  of  the 
Diftance,  defcribe,  both  about  the  common 
Center  of  Gravity,  and  about  one  another. 
Conic  Sections,  having  their  Foci  in  the  Center^ 
about  which  they  are  defcribed.  And  confe-- 
guently,  if  fuch  Figures  are  defcribed,  the  Cen- 
"^  *    .  tripetal 
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tripetal  Forces  are  reciprocally  proportional  co 
the  Squares  of  the  Diftance. 

Proposition  LII. 

IF  two  Bodies  attra^ing  one  another  hy  any  Forces 
whatever^  mutually  re'vol've  about  one  another^ 
their  Motion  will  he  the  fame^  as  if  they  did  not  at^ 
tra^  one  another y  hut  hoth  were  attraBed  with  the 
fame  Forces  hy  a  third  Body  placed  in  the  common 
Center  of  Gratuity,  And  the  Law  of  the  attraBixn 
Forces  will  he  the  fame^  in  reffeB  to  the  difiance  of 
the  Bodies  from  that  common  Center ,  and  in  refpeB  to 
the  whole  difiance  hetween  the  Bodies. 

For  the  Forces^  whereby  the  Body  P  {_Fig,^jt} 
tends  to  Sy  are  direded  to  any  point  whatever, 
in  the  Right  line  P  S  produced  towards  5.  And 
in  like  manner^  the  Forces  of  the  Body  S^  are 
direded  to  any  point  whatever,  of  the  fame 
Line  produc'd  towards  P.  But  C  is  the  only 
point  of  the  Right  line  SP,  produced  both 
ways,  that  continues  at  reft,  in  every  fituation 
of  the  Bodies ;  and  therefore  C  is  that  point,  to 
which  the  Bodies  P  and  S  tend,  with  the  fame 
Forces,  as  they  attrad  one  another. 

Again,  becaufe  the  Bodies  that  revolve  are 
given,  and  the  ratio  of  the  diftance  of  either 
of  the  Bodies  from  the  common  Center,  to  the 
diftance  of  the  fame  Body  from  the  other.  And 
confequently  the  ratio  of  any  Power  of  the 
diftance  of  the  one,  to  the  like  Power  of  the 
diftance  of  the  other,  is  given  ;  as  alfo  the  ra- 
tio of  any  Quantity,  which  is  any  way  com- 
pounded of  one  diftance  and  any  given  Quan- 
tities, to  another  Quantity,  which  is  in  the  like 
manner  compounded  of  the  other  diftance  and 
as  many  given  Quantities,  having  that  given  ra- 
tio of  the  Diftances  to  the  former.-  Wherefore, 
if  the  Force,  whereby  one  Body  is  attrad:ed  by 

the 
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the  other  be  diredly  or  inverfly  as  the  diftance  of 
the  Bodies  from  one  another^  or  as  any  Power 
of  this  diftance  ,  or  laftly^  as  any  Quantity  com- 
pounded any  how  of  thisdiftiinceand  the  Quan- 
tities given  ;  this  fame  Force,  whereby  the  fame 
Body  is  attracted  to  the  common  Center  of 
Gravity,  will  be  in  like  manner  diredly  or  re- 
ciprocally as  the  diftance  of  the  attraded  Body 
from  that  common  Center,  or  as  the  fame  Pow- 
er of  that  diftance,  or  laftly,  as  a  Quantity  com- 
pounded after  the  fame  manner  of  this  diftance 
and  of  the  analogous  given  Quantities :  And 
therefore  there  will  be  the  fame  Law  of  the  at-^ 
tradive  Force  in  regard  of  the  diftance  from  the 
Center  of  Gravity,  as  there  is  in  regard  of  the 
diftances  of  the  Bodies.  Which  was  to  be  de- 
monftrated. 

Proposition    LIIL 

TH  E  Periodic  Time  oft7vo  Bodies ^  S  and  P,  [Fi^* 
49  •]  rei/ol'ving  about  the  common  Center  of 
Gra'vitj  C,  is  to  the  Periodic  Time  of  any  other  Body 
P,  re'vol'ving  about  the  other  immo'vahle  point  S, 
(^attra&'ing  with  the  fame'  Forces ))  in  the  fubdufU  calk 
ratio  of  the  Body  S^  to  the  aggregate  of  the  Bodies  S 
and  P. 

Let  the  Body  p,  equal  and  fimilar  to  P,  ht 
imagined  to  defcribe  the  Orbit  p  dr,  about  f^ 
at  reft,  and  fimilar  and  equal  to  S.  The  Figured 
CP  D  Ryfp  d r,  (by  Prop.  5-0.)  are  fimilar ;  and 
the  Forces  whereby  the  Bodies  being  in  any 
Points  (D  and  ^)  limilarly  pofited,  tend  to- 
ward the  Centers  C  and  /,  are  equal  5  becaufe> 
(by  Prop,  yr.)  the  Force  whereby  the  Body  D 
tends  to  E,  is  equal  to  the  Force  whereby  tht 
Body  d  tends  to  /.  And,  by  the  preceding 
Proportion,  the  Body  D  tends  to  the  C,  with 
the  ftme  Force  as  to  E,    And  therefore,  (  by 

Corol> 
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CoroL  2.  Vrpf,  z6y  and  Schol  Prop.  27.J  the  Square 
of  the  Periodic  Time  of  the  Body  P,  moving 
in  the  Orbit  P  D  R,  is  to  the  Square  of  the 
Periodic  Time  of  the  Body  p,  in  the  Orbit 
fdr,  as  the  Right  line  C  P  to  the  homologous 
Right  lincfp ;  that  is,  as  CP  to  S  F:  that  is^ 
(from  the  nature  of  a  Center  of  Gravity )  as  the 
Body  5  to  S  4"  P.  Wherefore  the  Periodic  Time 
of  the  Body  Pin  the  Orbit  P  D  2?,  (or  of  the 
Body  S  irv  the  Orbit  S  E  L)  is  to  the  Periodic 
Time  of  the  Body  p  in  the  Orbit  p  dr^  in  the 
fubduplicate  ratio  of  the  Body  S,  to  the  aggre- 
gate of  the  Bodies  S  and  P.  Which  was  to  be 
demonftrated. 

Proposition    LIV. 

IF  two  Bodies  S  and  P,  attraBing  one  another  h 
Forces  reciprocally  proportional  to  the  SqHate  of 
their  -di^ances^  reuohe  about  the  common  Center  of 
Grauity^^  I  fay,  that  the  greater  Axe  of  the  Ellipfe^ 
•which  either  Body  P  dcfcrihes  by  this  motion  about  tUe 
other  S,  (m  the  manner  defcribed  in  Prop,  ^o.jistd 
the  greater  Axe  of  the  Ellipfe,  which  the  fame  Body 
P  might  defcribe  about  the  other  S  at  reft,  (as  in 
Prpp.  J  I.)  in  the  fame  Periodic  Time,  in  thefubtlfi^' 
^plicate  ratio  of  the  fum  of  the  Bodies  S  and  P^  to 
the  (juiefcent  Body  S. 

If  the  Ellipfes  defcribed  about  the  movable, 
and  quiefcent  Body  5,  by  the  Body  P,  were  e-- 
qual,  the  Periodic  Times  in  them  (by  Prop,  ^r^ 
53.)  would  be  in  the  fubduplicate  ratio  of  the- 
.  Body  S,  to  the  aggregate  of  the  Bodies  S  and  P. 
Imagine  tlie  laft  Ellipfe  to  be  changed,  till  the 
Periodic  Time  of  the  Body  P  (defcribing  this 
Ellipfe  about  the  quiefcent  Body  S,)  become  e- 
qual  to  the  Periodic  Time  of  the  Body  P  revol- 
ving  about  the; Body  S  ;  (as  we  fuppofe in  this 
Propofitionj)  that  is,  till  the  Periodic  Time  in 

this 
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this  being  lefTen  d  may  be  in  the  faid  fubduplicate 
ratio  of  the  Body  5,  to  the  fum  of  the  Bodies  S 
and  P.  But  becaufe  (by  ?rop,  4o>J  in  the  prefenc 
cafe,  the  Squares  of  the  Periodic  Times  are  as 
the  Cubes  of  the  Tranfverfe  Axes^  the  Periodic 
Times  themfelves  will  be  in  the  fefquiplicate 
ratio  of  the  faid  greater  Axes.  The  greater 
Axes  therefore  of  the  latter  Ellipfe^  being  lef- 
fen'd,  is  in  a  ratio^  whofe  fefquiplicate  is  the 
fubduplicate  ratio  of  P  to  S  -t-  P  j  that  is,  in 
the  fubtripHcate  ratio  of  S  to  5-!-P  :  ("For  4  of 
.i-=i:J  and  confequently  is  to  the  unvaried 
Axe  (^equal  to  this  before  it  was  leifen'dj  of  the 
other  Ellipfe,  defcribed  about  the  Body  6",  in 
the  fubtri plicate  ratio  of  6",  to  S  ^  P.  And 
therefore  inverfly,  the  greater  Axe  of  the  EI* 
iipfe  defcribed  about  the  movable  Body  5,  is  to 
the  greater  Axe  of  the  Ellipfe  defcribed  about 
the  quiefcent  Body  S,  in  the  fame  or  an  equal 
Time,  in  the  fubtriplicate  ratio  of  the  fum  of 
the  Bodies  5  +  P,  to  the  quiefcent  Body  S, 
Which  was  to  be  demonftrated. 

Proposition  LV. 

THE  La7v  of  AttraBion  being  the  ft^me  as  he^ 
fore,  I  fay  the  Orbit  P  R,  (Fig,  JO.J  of  the 
Body  P,  comes  nearer  to  an  Ellipfe,  Tvhofe  Focus  is  C, 
the  common  Center  ofGratiity  of  the  Bodies  S  and  M, 
than  to  an  Ellipfe^  Tvhofe  Focus  is  the  Center  of  it  S  ; 
and  that  the  Areas  defcribed  by  Radii  drawn  to  C, 
are  more  proportional  to  the  Times y  than  the  Areas  de-^ 
fcribed  by  Radii  drawn  to  the  Centre  of  it  S . 

For  the  attradions  of  the  Body  P  toward  S 
and  My  compofe  its  abfolute  Gravity,  which  is 
direded  more  towards  C,  the  common  Center  ■ 
of  their  Gravity,  than  towards  the  greater  Bo- 
dy it  felf  5,  and  which  is  more  nearly  recipro- 
cally proportional  to  the  fquare  of  the  diftance 
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?Cy  than  to  the  fquare  of  the  diftanceP^^: 
For  this  laft  would  then  hold  precifely,  wheti 
^M becomes  nothing;  and  the  fame  thing  would 
be  true  of  M,  if  it  fliould  inereafe  till  it  im- 
menlly  exceed  5".  'Tis  certain  therefore,  that 
the  Forces,  in  the  prefent  Cafe,  are  directed  to 
fome  Point  lying  betwixt  S  and  M^  and  nearer 
the  greater  of  them,  as  is  the  common  Cen- 
ter of  their  Gravity  C  ;  Vv^hich  alfo  is  that 
Point  where  the  Natural  Forces  of  any  kind 
of  heavy  Bodies  placed  round  about  it,  are 
united  and  concenter'd :  for  the  aggregate 
of  feveral  heavy  Bodies  is  moft  juftly  looked 
upon  to  be  there,  where  the  common  Center  of 
their  Gravity  is  ^  as  it  is  well  known  by  Philo- 
fophers.  What  therefore  was  propofed  is  evi- 
dent and  certain.  Which  was  to  be  demonftra- 
ted. 

Proposition    LVI. 

SZ^ppofing  the  fame  Laws  oftheAttra^lo7jylfay  the 
external  Body.  P'dejcribes  Areas  morz  nearly  f  re- 
fortional  to  theTiwesy  about  the  common  Center  of  Gra- 
vity C,  of  the  mternal  Bodies  S  and  M,  by  Radii 
irawn  to  that  Ce:nter^  and  an  Orbit  coming  up  nearer 
to  the  form  of  an  Elliofeyhc'ving  a  Focus  in  that  Cen-- 
iery  if  the  mofi  internal  and  biggefi  Body  S  be  agita^ 
ted  by  thefe  Attra&-ions,  juft  as  the  others  are^  than 
if  fa  be  it  jlwuld  be  at  x^fiy  «^f  being  attraSred  at 
ally  or  much  more  or  much  lefs  attraBedy  or  much 
more  or  much  lefs  agitated. 

By  the  Proj^.  preced.  it  is  evident,  that  the 
Center  to  which  the  external  Body  P  is  urged, 
is  neareft  the  Center  of  Gravity  of  the  internal 
Bodies  S  and  M,  If  that  Center  coincided  wic^ 
this  common  Center,  and  the  common  Center 
of  Gravity  of  the  three  Bodies  5*,  M,  and  P, 
were  at  reft  j  P  on  one  fide,  and  the  common 
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Center  of  S  and  M  on  the  other,  would  de- 
fcribe  accurate  Eilipfes  about  the  common 
Center  of  all  three,  being  at  reft,  and  as  it 
Were  the  common  Focus,  by  CoroL  2.  Trof.  ji,: 
And  therefore  the  perturbation  of  the  faid  Mo- 
tions (in  the  EliipfesJ  will  be  very  fmall,  when 
the  common  Center  of  Gravity  of  three  Bodies^ 
Sy  M,  and  P,  is  at  reft :  And  it  is  at  reft,  if  the 
Body  S  be  agitated  after  the  fame  manner  as 
the  others  are ;  as  was  faid  before.  And  there- 
fore the  perturbation  will  be  the  leaft,  when  S 
is  attracted  by  the  fame  Law  as  the  others  are* 
Which  was  to  be  demonftrated. 

COROLLART. 
After  the  fame  manner,  if  more  leffer  Bodies 
revolve  about  the  greateft,  it  may  be  inferred, 
that  the  Orbits  defcribed  come  nearer  to  Eilip- 
fes, and  the  defcription  of  the  Areas  more  e- 
quable,  if  all  the  Bodies  mutually  attract  oiie 
another  w^ith  accelerative  Forces^  which  are  as 
their  MalTes  diredly  and  the  Squares  of  their 
diftances  inverfely,  (for  this  is  to  be  agitated, 
Juft  as  the  others  are,  fappofmg  the  Law  of  the 
attractions  to  be  the  fame  with  that  in  the  Pro- 
pofition^)  and  the  Focus  of  each  Orbit  be  placed 
in  the  common  Center  of  Gravity  of  all  the  in- 
ternal Bodies,  than  if  the  greateft  Body  were  at 
reft,  and  made  the  common  Focus  of  all  the 
Orbits. 

Proposition  LVIL 

S'^^Everal  BoMesy  whofe  Accelerative  Forces  are  to 
one  another  reciprocally  as  the  Squares  of  the 
dlfiances  from  their  Center s^  may  he  moved  in  Ellif' 
jes  about  a  great  one,  and  dejcrihe  Areas  near- 
ly proportional  to  the  Times,  by  Radii  drawn  to 
that  Body, 
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Let  the  feveral  leffer  Bodies  P,/>,  cr,  [F/^.yi.] 
be  fuppofed  to  reVolve  about  a  great  Body,  as 
S :  And  becaufe  the  common  Center  of  Gravi- 
ty of  them  all  does  not  change  its  ftate  of  Mo- 
tion or  Reft,  by  the  mutual  adions  of  the  Bo- 
dies upon  one  another^  (as  was  explam'd before,) 
and  we  fuppofe  them  free  from  all  other  exter- 
nal agitation  or  impediment ;  that  Center  may 
be  at  reft.  If  now  we  fuppofe  the  lefier  Bodies 
Py  p,  T,  to  be  fo  little  in  comparifon  to  the 
great  one  S,  as  that  it  is  never  fenfibly  diftant 
from  the  faid  common  Center  of  Gravity,  then 
that  great  one  S  will  be  likewife  very  nearly 
at  reft  j  but  the  leffer  Bodies  will  revolve  about 
this  greater  in  Ellipfes,  having  the  great  Body 
in  the  common  Focus ;  and  therefore  they  wiU 
defcribe  Areas,  by  Radii  drawn  to  it,  proporti- 
onal to  the  Times ;  bating  the  Errors  ariiing 
either  from  the  digreilion  of  the  greateft  Body 
from  the  common  Center  of  Gravity,  or  from 
the  mutual  attractions  of  the  leffer  Bodies  upon 
one  another.  But  thefe  leffer  Bodies  may  be 
leffen'd  till  that  digreffion  or  thofe  mutual  at- 
tractions be  lefs  than  any  given  ones.  And 
therefore  feveral  Bodies  may  move  about  a^ 
great  one  in  Ellipfes,  and  by  Radii  drawn  to 
its  Center,  defcribe  Areas  proportional  to  the 
Times,  fo  as  that  the  Errors  committed  (or 
what  hinders  them  from  being  exadj  may  be 
lefs  than  any  affignable  ;  that  is,  indefinitely 
near.    Which  was  to  be  demonftrated. 

Proposition  LVIIL 

BT  the  muttial  aBion  of  the  Sun  and  any  frlw/^ry 
Vlanety  the  Vianet  defcribe  an  Ellipfe^  wbofe 
Foais  is  the  common  Center  of  Gravity  of  the  Sun  and 
the  faid  Vianet*  But  by  the  aBion  of  the  frmary 
Vianet s  upon  one  afiother^  the  Orbit  of  each  is  marly 
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an  Ellipfe^  whofe  Focus  Is  the  common  Center  of  Gra-" 
'vity  of  the  Sun,  end  all  the  inferior  Tlanets. 

If  the  primary  Planets  gravitated  towards  the 
Sun,  and  not  the  Sun  towards  the  Planets,  each 
primary  Planet  would  defcribe  an  Ellipfe  about 
the  Sun  s  .Center  at  reft,  as  a  Focus  •  as  was  de- 
monftrated  in  Prop.  42.  And  if  the  Maffes  of 
the  Planets  were  infenfible  in  comparifon  to  the 
Mafs  of  the  Sun,  the  fame  would  hold  very 
nearly,  by  the  preceding :  And  that  this  is  al- 
moft  the  cafe  of  the  Solar  Syftem,  is  evident 
from  Trof.^^.  But  becaufe  (by Ccro/.Prop.47.)  not 
only  the  Sun  gravitates  towards  a  Planet,  but 
a  Planet  alfo  towards  the  Sun,  and  befides  a  Pla- 
net is  not  a  Mafs  intirely  infenfible  in  regard  of 
the  Sun  ;  each  Planet  (by  CoroL  2.  Vrof,  yi.)  de- 
fcribes  an  Ellipfe,  whofe  Focus  is  the  common 
Center  of  Gravity  of  the  Sun  and  the  faid 
Planet :  And  (by  Vrof.  54.)  the  greater  Axe  of 
this  Ellipfe,  exceeds  the  greater  Axe  of  the  El- 
lipfe which  the  Planet  would  defcribe  about  the 
Sun  being  at  reft,  in  the  fame  or  an  equal  Time, 
in  the  fubtriplicate  ratio  of  the  fums  of  the  Maf- 
fes of  the  Sun  and  Planet,  to  the  Mafs  of  the 
Sun. 

Befides,  becaufe  fby  the  abovementioned  Ccr^?/. 
Trof,  47J  the  Planets  gravitate  towards  one  ano- 
ther, and  the  Sun  is  agitated  by  the  fame  attra- 
ctions as  the  Planets  ^  Mercury,(by  ?rop,^o.)  will 
defcribe  very  nearly  an  Ellipfe  having  theFocus 
in  the  Center  of  the  Sun;Venus,an Ellipfe  whofe 
Focus  is  in  the  common  Center  of  Gravity 
of  the  Sun  and  Mercury,  and  fo  ©n  ,  each  pri- 
mary Planet  will  defcribe  an  Ellipfe,  whofe  Fo- 
cus is  in  the  common  Center  of  Gravity  of  the 
Sun  and  all  the  inferior  Planets.  And  after  this 
manner,  the  adions  of  the  primary  Planets  up- 
on one  another,  are  confidered,  and  reduced  to 
a  ftandard.  SECT. 
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Section   IX. 

Of  the  Motion  of  a  Syftem  of  Bodies, 
which  revolves  about  another  Body  5  all 
which  is  applied  to  the  Syftem  of  the 
Sun  and  Planets  Primary  and  Secondary. 

Proposition  LIX. 

THE  common  Center  of  Gratuity  of  a  Sjfiem  of 
two  or  more  hea'vy  Bodiesy  revolving  about  one 
another  in  EUiffeSy  may  move  in  an  Ellipfe,  or  any 
ether  Conic  Se^ion,  about  another  greater  f  laced  in  the 
Focus  of  the  Eliiffe,  and  may  defcrihe^  hy  Radii 
drawn  to  the  Focus,  Areas  froportional  to  the  Times, 
indefinitely  near. 

Let  us  fuppofe  a  Syftem  of  two  Bodies  re- 
volving mutually  about  one  another  (as  in  Cor.z. 
Trof.^i.)  and  another  Syftem  of  lefler  Bodies 
Ly  /,  A/revolving  (after  the  manner  defcribed 
in  Prop^^j.)  about  a  great  one  P,  [Fig-,  j"!.]  to 
go  on  uniformly  in  a  Right  line,  which  is  evi-  * 
dently  poUible:  (that  is,  for  its  common  Center 
of  Gravity  to  move  along  Right  lines,  for  in- 
ftance,  PR;>  and  in  the  mean  while  to  be  urged 
laterally,  by  the  Force  of  another  great  Body 
as  5,  placed  at  a  great  diftance,  and  forced  to 
move  in  the  Curve  PH,  being  drawn  off  from 
the  Right  line  P  R.  And  becaufe  equal  Acce- 
lerative  Forces  impreffed  along  parallel  Right 
lines  don't  alter  the  fituation  of  the  Bodies  to 
one  another^  but  caufe  the  vi/hole  Syftem,  pre- 
ferring their  Motions  in  regard  of  one  another, 
to  be  transfer'd  at  the  fame  time  together  :  'Tis 
evident  that  there  will  arife  no  alteration  in  the 
Motion  of  the  Bodies  mutually  attraftedj  from 
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the  attracSlions,  towards  the  greatefl:  Body  5", 
but  from  the  inequality  of  the  Accelerative  at- 
tractions, or  from  the  Inclination  of  the  Lines 
to  one  another,  according  to  which  the  Attra- 
iftions  are  made.  Now  the  diftance  of  the 
grfeatefl  Body  may  be  increafed,  till  the  diffe- 
rences of  the  Right  lines  drawn  from  it  to  the 
Bodies  of  the  Syftem  in  Motion  (namely,  the 
great  one  P,  and  the  lefler  L,  /,  a)  in  refped  to 
the  Lines  themfelves  thus  drawn,  and  the  Incli- 
nations to  one  another,  become  lefs  than  any 
given  ones.  And  fmce  all  the  Accelerative  at- 
tractions towards  5,  by  the  Hypothefis  of  Gra- 
vity, are  reciprocally  as  the  Squares  of  the  Di- 
ftances ;  thefe  ( in  this  cafe)  diiFer  from  equal 
Forces,  by  a  difference  which  is  lefs  than  any: 
given  one  :  And  therefore  the  Motions  of  the- 
parts  of  the  Syftem  P,  with  its  Bodies  L,  /,  a^, 
will  perfevere  after  the  fame  manner  as  before, 
when  the  greateft  Body  5  did  not  attrad  that 
Syftem;  and  the  whole  Syftem  attraded  af- 
ter the  manner  of  one  Body,  will  defcribe  by  its 
Center  of  Gravity,  (in  which  the  whole  Syftem 
pf  the  heavy  Bodies  P  and  L,  /,  \^  is  fuppofed 
to  be  cohtraded  and  united,  as  in  other  Philo- 
fophical  cafes, )  a  Conic  Sedion  whofe  Focus 
is  5;  and  by  a  Radius  drawn  to  that  greateft 
Eody,  will  defcribe  Areas  proportional  to  the 
Times:  And  the  errors  which  are  over  and  a- 
bbve,  may  be  lelTen  d  at  pleafure,  by  increafing 
the  diftance  of  the  Body  S.  Therefore  the 
Center  of  Gravity  of  a  Syftem  of  Bodies  P, 
and  L,  /,  a>  niay  move  in  an  EUipfe  very  near- 
ly. ^E.P.  ^  ' 
COROLLART  i. 

When  a  Syftem  of  two  Bodies  revolving  about 
one  another,or  of  a  great  Body  with  leffer  Bodies 
r^volyingaboutit^is  moved  about  a  greater;  the 
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Motion  of  the  parts  of  the  Syftem  among 
themfelves  will  be  fo  much  the  more  difturbed, 
as  the  greater  Body  approaches  nearer  the  faid 
Syftem :  Becaufe  the  inclination  of  the  Lines 
drawn  from  the  greater  Body  to  thofe  parts,  is 
greater,  and  the  inequality  of  the  ratio  likewifs 
greater^  and,  in  one  word,  becaufe  there  is  a 
greater  recefs  made  from  that  cafe,  wherein 
there  is  no  perturbation  at  all ;  namely,  when 
the  Body  S  is  at  an  infinite  diftance. 
COROLLART  2, 
From  whence,  on  the  contrary,  if  the  parts 
of  a  Syftem  of  the  Body  P  and  the  leffer  re- 
volving Bodies  L,  /,  a,  move  in  Ellipfes  or  Cir- 
cles), without  any  confiderable  perturbation  •  'tis 
manifed,  that  the  fame  are  only  urged  very 
flightly  by  any  Acceierative  Forces  tending  to- 
wards other  Bodies,  or  that  tliey  are  urged  e- 
gually,and  along  parallel  Lines,  indefinitely  nean 

Proposition  LX, 

IF  a  lefs  Body  L  {Fig-  f  5 .]  re'volve  ahout  a  great 
one  T,  (as  in  CoroL  2,  Prop.  ji. )  and  the  Syftem 
of  thefe  two  re'volve  about  a  gre.iter  S,  (as  in  the 
preceding,)  and  in  thefe  three  Bodies,  if  the  Accele- 
rati'ue  attractions  of  any  twoy  towards  the  third y  he 
reciprocally  as  the  Squares  of  the  Dlfta7ues  from  it ; 
let  it  he  propofed  to  fiow  in  general  the  Errors  com- 
mitted by  the  Body  L,  together  with  the  caufes  and 
reafons  of  them  ^  namdy,  why  the  Body  L  does  noty 
by  a  Radius  drawn  to  T,  dejcribe  Areas  exaBly  pro- 
portio7tal  to  the  Times,  and  run  in  the  Perimeter  of  an 
Ellipje,  one  of  whofe  Foci  is  T. 

Becaufe  the  Body  L  is  fometimes  more,  fome- 
times  lefs  diftant  from  the  Body  S,  let  SKhc 
its  mean  diftance  j  which  may  likewife  exprefs 
|he  Acceierative  attraction  of  the  Body  L  to- 
wards 5j  in  that  mean  diftance.    Let  the  place  L 
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of  the  leafl  Body  in  its  Orbit  B  C  G  D,  be  taken 
at  pleafure  :  And  in  .S  L,  produced  if  need  be, 
let  the  Right  line  S  Ahc  taken,  fo  as  that  it  be 
to  5  X  in  the  duplicate  ratio  of  5  X  to  S  L,  which 
confequently  will  exprefs  the  Accelerative  at- 
traction of  the  Body  L  towards  S,  when  it  is 
in  the  point  L,  thus  affun^ed ;  becaufe,  (by  fup- 
pofition,)  the  Accelerative  Force  in  L  is  to  the 
Accelerative  Force  in  /<,  in  the  duplicate  ratio 
oiSK  to  S  L  ^  that  is,  (by  conftrudion^)  as  5  ^  ' 
to  S  K,  Conned  TL,  and  through  J  draw 
A  M  parallel  to  it,  meeting  STm  M, 

The  Attraction  S  A  oi  the  Body  in  L  to- 
wards S^  may  be  refolved  fas  is  well  known  J 
into  the  Attractions  A  My  MS.  Wherefore  the 
Body  L  will  be  urged  by  a  threefold  Accelera- 
tive Force  ;  one  tending  to  T^  and  arifmg  from 
the  mutual  attradion  of  the  Bodies  L  and  7*^ 
by  this  Force  alone,  the  Body  L,  by  a  radius 
LT  drawn  to  the  Center  of  the  Body  T,  would 
defcribe  Areas  proportional  to  the  Times,  and 
an  Ellipfe,  whofe  other  Focus  is  in  the  faid 
Center.  The  other  Force,  whereby  L  is  urged, 
is  expreffive  by  A  M,  and  is  parallel  to  the  di- 
rection of  it  j  which  becaufe  it  tends  from  L  to 
Ty  adding  the  former  Force,  will  with  it  com- 
pofe  another,  whereby  the  Areas  defcribed, 
will  ftill  be  proportional  to' the  Times,-  (by  Co- 
rcL  I.  Vrof.  p.)  But  becaufe  this  Force,  as  A  M^ 
is  not  reciprocally  proporcional  to  the  Squares 
of  the  d;ftance  L  7",  the  Force  compounded  of 
this  and  the  former,  vi^ill  not  be  fuch  j  but  will 
recede  from  that  proportion,  and  that  fo  mqch 
the  more,  as  (other  things  being  alikej  this  new 
IForce  added  to  the  former,  and  reprefented  by 
A  My  is  greater.  Confequently  the  Body  L, 
which  is  urged  by  this  compound  Force,  will 
jiot  defcribe  the  Perimeter  of  an  Ellipfe,  whofe 
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Focus  is  T\  (for  to  this  a  Force  tending  to  7*, 
and  reciprocally  proportional  to  the  Square  of 
the  diftance  from  it,  is  required  by  Vrcp  39.^5 
but  will  caufe  its  Orbit  to  have  fome  digreftion 
from  an  Ellipfe,  whofe  Focus  is  7^^  and  that 
digreflion  will  be  fo  much  the  greater,  as  this 
compound  Force  ("whereby  L  is  urged,)  recedes 
from  a  Force  reciprocally  proportional  to  the 
Square  of  the  diftance  from  T  \  that  is,  fas  has 
been  ftiewn, )  the  greater  the  fuperadded  Force 
reprefented  by  A  M^  is,  in  refped:  to  the  Force,, 
whereby  L  is  attra(5led  to  7",  other  circumftan- 
ees  being  alike.  Again,  the  third  Force,  where* 
by  the  Body  L  is  urged,  which  the  Right  line 
M  S  reprefents,  acting  according  to  the  directi- 
on of  it,  f  namely  according  to  the  diredion  of 
L  F  parallel  to  M  S)  fuperadded  tp  the  former 
Forces,  will  compound  another,  whofe  diredi- 
on  is  not  from  L  towards  T;  but  along  a  Right 
line  declining  from  thence  towards  F,  more  or 
lefs,  according  to  the  ratio  of  this  third  Forge 
to  the  fum  of  the  former  Forces.  And  there- 
fore the  whole  Force,  compounded  of  all  three, 
whereby  L  is  urged,  fmce  it  does  not  tend  to  7^ 
(by  Prop,  40.J  will  make  the  Body  L  defcribc 
Areas  not  proportional  to  theTimes,  by  the  Ra- 
dius L  T.  And  the  digreffion  from  th^^t  fimilitude 
of  the  ratios  between  the  Areas  defcribed  and 
the  Times  in  which  they  were  defcribed,  will 
be  fo  much  the  greater,  as  the  ratio  of  this  third 
Force  ading  according  to  the  diredion  of  L  F, 
to  the  former  Forces,  is  greater.  Befides,  the 
fuperaddidon  of  this  third  Force  v/ill  induce 
^  deformity  in  the  Elliptic  Figure  of  the  Orbit, 
on  a  double  account,  both  becaufe  it  is  not  di- 
reded  from  L  to  T^  and  becaufe  it  is  not  reci- 
procally proportional  to  the  Square  of  the  di- 
ftance I  and  the  deformity  is  fo  much  the  great- 
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cr,  as,  other  things  being  alike,  this  Force  MS  is 
greater.  In  the  Right  line  ST',  (from  S  towards 
T)  take  S  JN7,  to  5  X  in  the  duplicate  ratio  of  SK 
to  ST;  the  Accelerative  attradion  of  the  Body 
Ttowards  5,  will  be  exprefs'd  by  SN.  If  the  Ac- 
celerative attradions  SM,  5N,be  equal/as  in  the 
ad  of  thefe  Fig.)  they  will  not  alter  the  fituation 
of  the  Bodies  T*  and  L  to  one  another,  by  ading 
upon  them  equally,  and  according  to  parallel 
Right  lines :  But  the  Bodies  S  and  T  approach- 
ing nearer  to  one  another,  the  motions  of  Tand 
X,  in  regard  of  one  another,  will  be  juft  the 
fame  as  if  thefe  attractions  were  intirely  abfent. 
But  if  the  Accelerative  attradion  S  N,  be  left 
than  the  Accelerative  attra(5lion  S  M^  (as  in  the 
firft  of  thefe  Ftg.)  the  former,  and  a  part  of  the 
latter  equal  to  it,  will,  (as  was  fhewn  in  the 
preceding  cafe,)  reduce  themfelves  mutually  to 
that  State,  as  if  both  of  them  were  abfent,  and 
the  difference  of  them,  on  the  part  of  the  Acce- 
lerative Force  S  My  expreffed  by  il^N,  remain ; 
which  therefore  dsfturbs  the  proportion  of  the 
Areas  and  Times,  and  the  Elliptic  Figure  of 
the  Orbit,  GCBD.  But  if  5  N  exceed  S  M, 
(as  in  the  ;d  of  thefe  Figures)  their  interval 
MNy  will  denote  that  difference  of  the  Acce- 
lerative Forces,  whereby  the  proportion  of  the 
faid  Areas  defcribed,  and  Times  of  defcription, 
together  with  the  Elliptic  form  of  the  Orbit 
GCBDy  are  difturbed.  And  therefore  by  the 
attraction  JVS,  is  the  third  attradion  S  M  al- 
ways reduced  to  M  N^  which  exerts  its  Force 
from  M  to  N,  or  from  L  towards  F,  the  for- 
mer Forces  being  intirely  unchanged.  And 
thefe  are  the  Forces  that  generate  the  Errors  of 
the  Body!.     ^E,L 

PRO« 
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Proposition   LXI. 

TH E  fame  th'mgs  being  fuffofed,  let  it  he  prc" 
fofed  to  gi've  an  account  of  fnch  Errors  of  a 
lejfcr  Body  L.  [Fig.  ^4.]  re'volving  about  a  great 
one  T,  not  in  the  fame  plane  wherein  T  revolves 
about  a  greater  Body  S,  ariftng  from  the  inclination 
ofthefaid  Planes  ^  as  alfo  of  the  Caufes  and  Reafons 
of  them. 

From  the  demonftration  of  the  preceding 
Trof,  'tis  fhewn,  that  all  the  errors  of  the  Body 
Ly  arife  from  the  Forces  reprefented  by  the 
Right  lines  AM,  MN.  But  becaufe  one  of  them 
A  My  a($ls  according  to  the  diredion  L  Ty  which 
lies  in  the  plane  of  the  Orbit  of  the  Body  Z,  the 
Force  ading  according  to  its  diredion,  will  not 
difturb  the  Motion  of  the  Body  L^  as  to  its  La- 
titude. 

If  the  fituation  of  the  Orbit  of  iht  Body  £, 
be  fuch,  as  that  the  Body  5  is  found  in  its  com- 
mon Sedion  with  the  plane  of  the  Orbit  ETE, 
v/hich  T  defcribes  about  S  :  fthat  is^  to  fpeak 
in  the  Language  of  an  Aftronomer,  it  the 
Nodes  of  the  Orbit  of  the  Body  Z.,  be  in  the 
Syzygies  of  the  Body  S ;)  MKI  alfo  lies  in  the 
plane  of  the  Orbit  of  the  Body  L;  becaufe  in 
the  common  Sedion  :  And  therefore  the  Forc0 
ading  according  to  the  diredion  of  it,  does  not 
difturb  thefe  Motions. 

The  other  things  remaining  the  fame,  let 
the  Plane  G  C  B  D  of  the  Orbit  of  the  Body  L, 
be  fuppofed  to  be  inclined  to  the  Plane  S  ET^ 
fo  that  part  of  it  C  G  D,  may  be  elevated  above 
it,  and  part  C  B  Dy  depreffed  below  it :  Upon 
the  fame  Center  T'and  equal  Semidiameter,  let 
the  Circle  C  b  Dg,  be  fuppofed  to  be  deferibed 
in  the  Plane  S  ET^  and  the  Nodes  will  be  C 
and  D  :  Suppofe  them  v/hen  feen  from  T,  to  be 
m  a  Quartile  afped  with  the  Body  S  ;  that  is^ 
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fuppofe  the  Angles  STD^  STC  right.  In  the 
cafe  of  the  motion  of  the  Body  Z,  along  the 
Semicircle  C  G  D,  (fee  thefirfl  of  thefe  Fig,)  the 
Force  as  MN  of  the  Body  L,  a6ling  with  the 
direction  M  N,  ( that  is,  from  L  to  F)  attrads 
the  Body  from  its  Orbit  CGD  towards  CgD; 
that  is,  leffens  the  Latitude  of  the  Body  L, 
(reckoned  from  the  Plane  C  ^  D) :  And  the  Bo- 
dy L,  in  its  continual  receding  from  the  Plane 
CGD  towards  5,  till  it  has  arrived  to  the  next 
Node,  does  not  pafs  the  Plane  E  TS  or  CgD 
in  the  poim  wherein  it  paifed  before,  but  a  lit- 
tle on  this  fide  of  it ;  and  makes  the  Node  of 
the  Orbit,  now  defcribed  by  it,  a  little  more  in 
antecedenm^xn  regard  of  theNode  D  of  the  Orbit 
CGDy  which  it  would  have  defcribed  without 
this  Force  M  N.  In  like  manner  in  the  paffage 
from  the  Node  D  to  the  Node  C,  through  the 
Semicircle  DBCy  (to  which  cafe  the  fecond  of 
thefe  Figures  is  accommodated,)  the  Force  as 
M  Ny  ading  according  to  the  diredion  of  MN, 
or  from  L  towards  F,  makes  the  Body  L  to  go 
backwards  perpetually  from  the  Orbit  DBC, 
and  deferibe  another  inglin'd  to  D  ^  C,  in  a  lef- 
fer  Angle,  and  to  pafs  the  Plane  DbC  fooner 
than  in  C  ;  that  is,  than  it  would  have  done  if 
the  Force  M  N  had  not  been  prefent  ,*  and  by 
this  means  there  will  be  made  a  new  place  for 
the  Node  tending  in  antecedent! a  ;  and  again, 
during  its  paffage,  the  part  CGD  of  its  Orbit 
towards  the  conjundion  with  the  Body  5,  the 
neareft  Node  will  recede  in  antecedentlay  as  be- 
fore. 

Befides,  (the  Eye  being  placed  in  the  Line  of 
t\)iZ  Nodes  produced,)  let  SgTb  [Fig,  ^j)  repre- 
lent  the  Plane  of  the  Orbit  of  the  Body  r  re- 
volving about  Sy  GDB  the  Plane  of  the  Orbit 
of  the  Bpdy  L^  while  the  latter  is  inclined  to 

the 
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the  former,  by  the  fmalleft  Angle,  namely,  GD^ 
or  GDh  ;  which  happens  (as  has  been  ihewn) 
when  the  Body  L  is  feen  from  T  in  the  Syzygies 
of  the  Body  S,  And  fmce  it  has  already  been 
ihewn,  that  the  Nodes  of  the  Orbit  of  the  leaft 
Body  L  tends  in  antecedentia  ;  the  Orbit  which 
the  Body  L,  departing  from  G,  where  it  was 
feen  in  conjundion  with  6^,  further  defcribes, 
will  meet  gDb  on  this  fide  D  in  refped  of  S^  and 
will  be  the  Line  Gd,  And  the  Orbit  which  the 
fame  L  defcribes,  departing  from  B,  where  it 
was  in  oppofition  to  5,  namely,  the  Line  B  ji, 
will  meet  the  Plane  gDb  in  j>,  ^iz.,  beyond  D 
in  regard  of  S.  And  it  is  evident  that  the  Line 
Gd  or  B  J"  contains  a  greater  Angle  with  gDhat 
dor  ^y  than  the  Angle  made  by  the  Line  G D 
or  BD  with  the  fame  gDb  ;  being  about  equal 
to  that  which  the  Orbit  of  the  Body  L  made 
with  gDby  when  L  was  very  near  the  Node, 
The  Nodes  therefore  beingintheQuadratures^go 
backwards ;  but  in  the  Syzygies  are  at  reft^  and 
therefore  always  whether  they  areRetrograde  or 
Stationary, upon  the  whole  go  backwards;  but  in 
the  intermediate  places,  partaking  of  both  con- 
ditions, go  backwards  flower;  and  fo  much  the 
floweras  they  are  nearer  the  Syzygies.  But  when 
the  Nodes  are  in  the  Quadratures,  the  inclina= 
tion  of  the  Plane  of  the  Orbit  of  the  Body  L,  is 
leffened  in  the  paffage  of  the  Body  L  from  the 
Quadratures  to  the  Syzygies,  and  augment* 
ed  in  the  paffage  of  the  fame  from  the  Sy- 
zygies to  the  Quadratures ;  (For  the  parts  of 
the  Lines  G^,  5<r,  towards  d  and  c/^,  are  in- 
clined in  a  greater  Angle  to  gDh  than  their 
parts  towards  G  and  B;  and  the  Orbit  of  the 
Body  at  every  moment  of  time  is  to  be  looked 
upon  as  a  lineola,  defcribed  by  it  in  that  mo- 
mer}t ;  and  that  is  the  Plane  of  the  Orbit,  which 

paffes 
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paffes  thro*  the  faid  lineola,  and  the  Center  of  the 
Body  7\)  And  therefore  the  Body  L  being  in 
the  Syzygies,  the  inclination  becomes  the  leaft 
poffible,  and  returns  to  its  former  magnitude, 
or  thereabouts,  when  the  Body  comes  to  the 
heareftNode.  And  thefe  are  the  principal  Errors 
arifing  from  the  inclination  of  the  Planes.  ^E,L 
SCHOLIUM. 

The  fame  holds,  tho*  the  Body  L  iFig.  5*6.]  re- 
volves not  about  T^  but  both  T  and  L  about  S, 
as  a  Center.  For  in  this  cafe  the  outmoft  7^ 
produces  the  EfFeds  of  the  Body  S ;  and  5,  to-= 
gether  with  L  revolving  about  it,  fupplies  the 
places  of  Tand  L  revolving  about  it,in  the  fore- 
going cafe.  For  the  Demonftration  is  the  fame, 
whether  the  difturbing  Body  moves  or  nor, 
COROLLART 

By  the  fame  Laws,  as  the  Body  L  [%.  5:4.] 
revolves  about  T,  let  us  imagine  feveral  Bodies  to 
move  about  the  fame  7*,  at  equal  diftances  from 
it;  and  a  Ring  CBDG  rigid  and  concentric 
with  the  Body  T,  made  up  of  them,  being 
multiplied,  and  at  length  becoming  contiguous: 
And  the  feveral  parts  of  the  Ring  will  perform 
all  their  Motions  (which  are  not  impeded  by 
the  rigidity,)  according  to  the  Law  of  the  Body  L, 
And  therefore  the  Nodes  C  and  D  of  the  Ring 
CBDG  are  at  reft,  when  they  are  in  the  Syzy- 
gies of  the  Body  S  :  and  will  move  from  them, 
in  mtecedentkr^  fwiftly  in  the  Quadratures,  and 
ilowly  in  aU  other  places :  And  the  inclination 
of  the  Ring  v^^ill  be  changed,  (the  Axe  of  it 
Ofcillating,^  as  has  been  fhewn  concerning  the 
Orbit  GCBDy  in  the  Propofition. 

If  now  the  Globe  T  (having  the  fame  Axe 
with  the  Ring  CBDG,  and  compleating  its  Re- 
volutions about  that  Axe  in  the  fame  times,)  be 
conceived  to  be  increafed  fo  big,  or  the  Ring 

(other 
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Cother  things  remaining  as  before)  leffen'd,  fo 
as  that  the  Globe  touch  the  Surface  of  the  Ring 
internally,  and  cling  to  it,  becaufe  clofely  en- 
compafs'd  by  it:  The  Globe  TT which  we  fup- 
pofe  intirely  indifferent  to  all  imprefSons,)  will 
partake  of  the  Motion  of  the  Ring,  and  the 
aggregate  of  them  both,  will  ofcillate,  and  the 
Nodes  of  the  Ring  (or  the  inteifedions  of  ic 
with  the  Plane  of  the  Orbit  of  the  Body  Tabout 
Sy)  will  go  backwards. 

Proposition  LXII. 

THE  Body  L,[Fig.5'4.]  hy  a  Radius  drawn  toT^ 
will  defcribe  Areas  more  nearly  proportional  to 
the  Times y  and  a  Figure  coming  neartr  to  the  Form  of 
an  EUipfeywhofe  Focus  is  T;  if  The  attra6led  towards 
S,  hy  the  fame  Law  as  L  //,  than  if  it  were  attra^ 
Bed  a  great  deal  more  or  a  great  deal  lefs. 

For,  by  the  preced.  Vrop,  the  pertubation  of 
the  Proportionality  of  the  Areas  and  Times, 
and  the  deformity 'of  the  Figure  of  the  Orbit, 
arife  principally  from  the  Force  reprefented  by 
M  N.  And  therefore  the  Areas  and  Times  will 
come  neareft  to  the  Proportionality,  and  the 
Orbit  GC5I>  to  an  Elliptic  Figure,  when  MN 
is  nothing,  or  the  fmalleft  poffible :  That  is^ 
when  the  Accelerative  attra<5tions  S  My  SN^ 
f  whofe  difference  is  MN)  of  the  Bodies  L  and  t; 
are  nearly  equal;  or,  which  is  much  the  fame^ 
when  the  Accelerative  attractions  of  the  Bodies 
L  and  J' towards  5,  approach  as  near  as  poffible 
to  an  equality:  (For  the  other  part  of  the  Acce- 
lerative attradion  of  the  Body  L  to  S,  expreffed 
by  SAy  namely  A  My  tho'  it  does  not  difturb 
the  faid  Proportionality,  yet  it  renders  the  El- 
liptic Figure  deformed;  that  is,  when  S  N,  the 
Accelerative  attratftion  of  the  Body  T  towards  Sj, 
is  not  none  i    (  for  from  what  has  been  fiiewn 

above. 
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abov0/he  Attradion  SMis  reduced  to  a  lefferykfN" 
by  the  Attradion  SN^)  nor  lefs  than  the  fmalleft 
of  all  the  Attiadions  5  A/,  (  otherwife  MJNT 
would  be  too  great  in  every  fituation  of  the 
Body  Lj)  but  as  it  were  a  mean  between  the 
greateft  and  leaft  of  all  the  SM;  that  i^,  neither 
much  greater  nor  much  lefs  than  the  Attraction 
SK,  And  therefore  the  Body  £,  by  a  Radius 
drawn  to  T,  will  defcribe  Areas  more  propor- 
tional, to  the  Times,  and  a  Figure  approaching 
nearer  to  an  Ellipfe^  if  J"  be  attraded  towards 
Sy  by  the  fame  Law  as  L,  than  if  it  were  at- 
tracted much  more  or  kfs.  Which  was  to  be 
demonftrated. 

The  fame  holds^  if  (other  things  remaining 
as  before)  the  Body  -L  did  not  revolve  about  T^ 
but  both  Tand  L  about  S.  For^  as  was  (aid  iri 
the  preceding^  the  Demonftration  is  the  fame 
whether  the  difturbing  Body  move  or  not» 
SCHOLIUM,  ^ 

It  may  in  like  manner  be  infer^d,  that  if  ^ 
Syftem  of  Bodies  P  and  L^  /,  ;,,  [^Fig.  j2.]  re- 
volving  about  S;  Cas  in  Tro^.  5'9.)  the  Orbits  de- 
fcribed  will  come  nearer  to  Elliptic  ones^  if  all 
the  Bodies  aded  upon  by  the  fame  Laws  of  At- 
tractions, than  if  on  any  account,  the  fame 
Laws  did  not  hold  ;  and  the  common  Center  of 
Gravity  of  the  Bodies  P,  X,  /,  a,  will  defcribe 
an  Orbit  whofe  Focus  is  in  the  common  Center 
of  Gravity  of  all  the  inferior  Bodies  ^  asinC<7r, 
Trof.  J  6. 

Proposition  LXIIL 

BT  reafon  of  the  mutual  aBion  of  the  Earth  and 
Moon^  their  common  Center  of  Gratuity  moves 
in  the  Orbis  Magnus  about  the  Sun,  Afer  the  fame 
manner y  the  com-mon  Center  of  Gra'vlty  of  Jufiter 
and  its  Satellites^  and  of  Saturn  and  its  Attendants^ 
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are  carried  in  the  Orbits  of  Jupiter  and  iSaturn  ;  de- 
termined in  Prop.  yS, 

Becaufe  (by  Frop,  46.  and  47.)  the  Moon  gra- 
vitates towards  the  Earth,  and  the  Earth  towards 
the  Moon;  the  Satellites  of  Jupiter  towards 
Jupiter,  and  Jupiter  in  like  manner  towards  its 
Satellites;  Saturn's  Attendants  towards  Saturn^ 
und  Saturn  towards  its  Attendants;  what  w-as 
propofed  is  evident  from  Trop,  5-9.  And  becaufe 
(by  Corol.  Trap.  47.)  the  Sun,  every  Primary  Pla- 
net, and  its  Secondary,  are  aded  upon  by  the 
fame  Laws  of  attradions,  the  Orbit  of  each  Se-^ 
condary  is  very  nearly  an  Ellipfe,  having  a  Fo^ 
cus  in  the  Center  of  the  Primary,  by  the  fore- 
going. But  the  motions  of  the  Satellites  are  di- 
Iturbed,  as  has  been  fhewn  in  Frop,  60  and  61. 
and  are  afFe6l:ed  with  various  inequalities,  thac 
fhall  be  treated  of  in  their  proper  places  here^ 
after. 

Proposition  LXIV. 

BT  reafon  of  the  Figure  of  the  Earthy  the  Equi^ 
noBial  Foints  go  backwards,  and  the  Axis  of 
the  Earth,  in  every  Annual  Revolution^  twice  chan- 
ges its  inclination  to  the  Ecliptic,  and  twice  returns  to 
its  former  inclination. 

In  Frgp,  33.  we  confidered  the  Axis  of  the 
Earth,  as  remaining  always  exadly  parallel  to 
it  felf;  becaufe  then  wehadonly  thePhaenomena 
of  one  Revolution  to  explain,  in  which  fpace  of 
time  it  preferves  its  Parallelifm  very  nearly.  Buc 
becaufe  of  the  Earth's  Figure,  which  is  an  Oblate 
Sphasroid,  ariiing  from  the  Caufes  pointed  at  in 
Trof,  51.  the  cafe  is  now  fomething  different. 

Let  T  s  ^  yf  {Fig.  ^j.)  be  the  Orbit  of  the 
Earth  about  the  Sun©,^E  B  ^the  Earth  it  felf, 
whofe  Poles  are  A  and  B,  Equator  E  ^.  Becaufe 
(by  Frcp,  jr.)  the  Earth  is  an  oblate  Sphacroid^ 

K  (de- 
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(depreffed  towards  the  Poles  A  and  B^  and  ele- 
vated towards  the  Equator  £  ^,  )  it  is  like  a 
Globe  faften'd  td  a  Ring ;  for  that  excefs  of 
Matter,  which  is  about  the  Equator,  fupplies 
the  place  of  a  Ring.  And  therefore,  by  Corol. 
Trop,  61  y  the  Nodes  of  this  Ring  will  go  back- 
wards :  That  is,  the  Earth  departing  from  d:^p 
(where  the  common  interfedion  of  the  Ecliptic 
and  the  Equator  of  the  Earth,  is  direded  to- 
wards the  Sun  0,  and  confequently  the  Sun 
feen  in  the  Equator  in  the  Heavens,  makes  the 
Equinox,;  thro'  V)*  towards  T,  will  arrive  as 
the  Node  T  fooner  than  at  T  the  point  oppo- 
jfite  to  d::b  :  And  the  Earth  going  forward  from 
Y  thro'  s,  towards  ^:^,  will  arrive  at  the  new 
Node  dct,  fooner  that  at  rOr,  where  the  Node  was 
was  in  the  former  revolution  ;  that  is,  the  plane 
of  the  Equator  of  the  Earth  produced,  will  pafs 
through  the  Sun  fooner  than  the  Earth's  Center 
arrives  at  d^.  But  then  the  Equinox  is  celebra- 
ted, when  the  Sun  is  found  in  the  plane  of  the 
Earth's  Equator  •  (as  has  been  (hewn  at  large^ 
Prcf,  3;.) and  they  are  to  be  looked  upon  as  the 
Equinoxial  Points,  in  which  the  Sun  appears 
at  the  time  of  the  Equinoxes.  Wherefore  it  is 
evident,  that  the  Equinodial  Points,  and  toge- 
ther with  them,  all  the  points  of  the  Ecliptic^, 
that  have  received  any  names  as  fuch,  (becaufe 
depending  upon  the  Equinodtial  Points  and  re- 
ckoned from  them, )  will  feem  to  go  backwards^ 
or  move  in  antece^entia ;  if  the  Fix'd  Stars  be 
taken  as  immovable.  But  if  the  points  of  the 
Ecliptic  be  looked  upon  as  unmoved,  then  the 
Fixed  Stars  will  be  reckoned  to  have  moved  as 
much  forwards  or  in  confequsntia. 

The  Regreffion  of  the  Equinodial  Points,  as 
has  been  hitherto  explained,  proceeds  from  the 
a<5tion  of  the  Sun  upon  the  Ring  compaffing  the 

Earth 
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Earth  at  the  Equator,  or  the  redundant  Majtter 
at  the  Equator,  as  has  been  fhewn,  CoroL  Frop. 
61.  But  the  Force  of  the  Moon  alfo  upon  this 
fame  Ring  is  confiderably  great,  as  is  evident 
fro^i  the  Schol.  to  Prop.  6i,  and  its  Corollary  :  For 
lince  fhe  is  always  in  the  Plane  of  the  Ecliptic, 
or  not  far  from  it,  fhe  will  confpire  with  the 
Sun  in  the  fame  Effed:. 

Befides,  in  a  Semi-revolution  of  the  Earth  a- 
bout  the  Sun  from  =^  thro'  V?"  to  T,  the  incli- 
nation of  the  Equator  to  the  Ecliptic  thro'  the 
adion  of  the  Sun,  is  lefs  than  when  the  Earth 
was  in  ^^ ;  and  it  is  leaft  when  the  Earth  is  in 
'^y  (by  Prop,  60.)  the  Nodes  of  the  Ring  being 
in  the  Sun's  Quadrature.  And  when  the  Earch 
is  arrived  at  T,  and  the  Nodes  at  the  Sun's  Sy-* 
zigies,  the  former  Inclination  is  reftored  again : 
In  palEng  from  T  thro'  S  to  =Or,  the  like  lef- 
fening  of  the  faid  Inclination  happens  again  ; 
and  the  Axis  of  the  Earth  Ofcillates  together 
with  the  Equator.  The  Axis  therefore  of  the 
Earth,  in  every  Revolution,  changes  its  inclina-^ 
tion  to  the  Ecliptic  twice,  and  twice  returns 
to  the  former  inclination ;  which  will  happen 
twice,  alfo  in  every  Periodic  Month,  upon 
the  account  of  the  a6lion  of  the  Moon. 
But  this  Gfcillation  will  fcarcely  be  fenfible, 
whereas  the  regrefs  of  the  Points  of  the  Eclip- 
tic is  known  to  every  Body,  tho'  it  arife  from 
the  fame  Forces.  For  in  each  Equindx,  the  in- 
clination of  the  Axis  of  the  Earth  towards  the 
Ecliptic,  returns  to  its  former  bignefs,  and 
in  a  feries  of  Years  becomes  not  more  fen- 
fible :  But  the  regrefs  of  the  Points  of  the 
Ecliptic  is  continually  onwards,  and  the  Equi- 
noctial Points  never  return  to  their  ancient 
Place,  till  they  have  compleated  an  intire 
Circle.  And  fuch  a  change  as  is  intirely  infen- 
K  z  fibl^ 
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fible  in  one  Year,  or  half  of  a  Year,  (in  which 
fpace  of  time  the  whole  change  of  the  inclina- 
tion of  the  Axis  of  the  Earth  is  finifhed,)  will  in 
a  leries  of  Years  become  fenfible  ;  being  made 
perpetually  the  fame  way.  On  the  account 
therefore  of  the  Figure  of  the  Earth,  the  Eqni- 
nocftial  Points  go  backv/ards,  and  the  Axis  of 
the  Earth  every  Year  changes  its  inclination  to 
the  Ecliptic  twice,  and  twice  returns  to  its  for- 
mer fituation  ^E,  Do 

Proposition     LXV. 

THE  common  Center  of  Gravity  of  the  Sun  and 
all  the  Thmets  and  Comets  is  at  re^  ;  and  h 
therefore  may  he  taken  for  the  Center  of  the  Solar  Sj-- 
fte?ny  and  even  of  the  World  it  [elf 

It  has  been  demonftrated  by  the  Philofophers 
mention'd  inPr(?p.5'o.  thatthecommonCenter  of 
Gravity  does  not  change  its  ftate  of  motion  or 
reft,  by  the  actions  of  the  Bodies  upon  one  ano- 
ther;  but  that  the  Law  of  a  Syftem  of  Bodies  is 
the  fame  with  that  of  a  fmgle  Body,  as  to  their 
continuance  in  the  faid  ftate  ;  fmce  the  progreP- 
five  motion  of  both  is  to  be  eftimated  by  the  mo- 
tion of  theCenter  of  Gravity.The  commonCen- 
ter  therefore  of  the  SolarSyftem  is  either  at  reft^ 
or  moves  uniformly  forward  ;  for  excluding  all 
external  Force,  this  is  the  ftate  of  a  folitary 
Body.  Now,  the  latter  can't  be  alTerted,  lines 
of  the  fiirrounding  Eix'd  Stars  feme  would 
become  nearer  than  formerly,  and  others 
more  remote  ;  and  confequently  their  fituation 
and  order  in  length  of  time  would  be  fenfibly 
changed,  contrary  to  Obfervation.  And  fmce 
it  has  already  been  fliewn,  that  the  Sun,Planets, 
and  Comets  gravitate  towards  one  another,  and 
are  therefore  in  continual  motion,  (  only  the 
common  Center  of  Gravity  remaining  quietly 

'tis 
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•tis  evident  that  the  movable  Center  of  any  one 
of  them,  can't  be  look'd  upon  as  the  Center  of 
the  Solar  Syftem,  but  the  above-mention  d  im- 
movable common  Center  of  Gravity. 

But  if  not  an  invifible  Point,  as  the  above- 
mention'd,  but  feme  confiderable  Body  very 
near  it,  is  to  be  looked  upon  for  the  Center  of 
that  Syftem,  it  will  be  the  Sun ;  becaufe  that, 
by  reafon  of  the  vaft  Quantity  of  Matter  it  con- 
tains in  comparifon  to  the  others,  will  fcarce 
ever  be  fenfibiy  diftant  from  the  common  Cen- 
ter of  Gravity  above-mentioned. 

And  further,  if  any  Figure  agree,  and  bounds 
be  fet,  to  the  univerfal  compages  of  Bodies  (  or 
to  the  World,)  no  other  Syftem  more  Juftly 
claims  the  middle  of  it,  than  our  Solar ;  and 
therefore  no  other  Center  than  that  above  de- 
termined, is  agreeable  to  the  Univerfe,  Which 
was  to  be  demonftrated. 


Section   X. 

Concerning  the  Caufes  and  Reafofi  of  the 
Motions  of  the  Planets  affigned  by  Philo- 
fophers, 

HAving  been  defcribing  hitherto  the  Syftem 
of  the  World,  and  that  only  in  gen6ral,fo 
far  as  was  fufficient  for  our  purpofe,  and  having 
explained  the  analogous caufe  of  the  Motions  of 
the  greater  Bodies  of  the  World,  or  rather  the 
fame,(as  is  moil  fitting,)with  that  which  we  dai- 
ly experience  about  us ;  namely  the  Gravity  of 
all  Bodies  towards  all  Bodies,  whofe  Law  is  the 
fame  with  that  of  our  Gravity,  or  of  any  other 
Natural  Virrue  propagated  along  Right  lines 
Kg  con- 
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concurring  in  one  Point ;  that  is,  having  laid 
down  the  principal  foundations  of  a  Phyfi- 
cal  Aftronomy^  regularity  of  Method  requires 
us  to  confider  the  Caufes  and  Phyfical  Reafons 
of  thefe  fame  Effects  as  are  affigned  by  others ; 
and  at  the  fame  time  fee,  whether  they  folve  the 
Phasnomena,  fo  well  as  thofe  explained  before 
have  done.  But  by  the  Caufes  we  fpeak  of 
here,  we  do  not  underftand  the  ultimate  Cau- 
fes, or  fuch  as  have  no  Caufes  of  themfelves ; 
but  fuch  as  we  experience  about  us,  and  can 
calculate  their  Forces,  and  Geometrically  in- 
veftigate  their  Properties,  as  we  do  of  any  other 
Quantities  ;  fuch  as  Light,  to  the  Confideration 
of  which,  various  Sciences,  as  Optics,  Catop- 
trics, Dioptrics,  owe  their  Original ;  Gravity, 
the  affedions  of  which  are  confidered  in  Statics, 
and  in  almoll  all  Mechanics :  tho*  the  Cultiva^ 
tors  of  thofe  Sciences  neither  underftood  the 
ultimate  Caufes  of  Light  or  Gravity,  nor  will 
they  do  fo  hereafter. 

There  are  two  other  fajmous  Se6^s  of  this  Cce- 
leftial  Philofophy,  that  attempt  to  explain  the 
Caufes  of  the  Motion  of  the  Bodies  of  che  Uni- 
verfe,  the  Kefkrian^  and  the  Canefian  i  As  for 
that  which  brought  in  Solid  Orbs,  and  faften'd  ^ 
Intelligences  to  them  to  move  them,  there  is  ' 
no  occafion  to  take  notice  of  it,  fmce  there  h 
iittleof  Philofophy  in  it,  and  it  has  been  fuffi- 
ciently  confuted  by  the  Aftronomers  of  the 
lail  Age,  We  fiiall  give  an  account  of  both 
thefe,  and  annex  the  Reafons  why  neither  of 
them  belongs  to  the  Heavens,  by  fhewing  that 
the  Laws  of  Bodies  moved  as  thefe  Philofophers 
would  have  thein,are  not  fuch  as  are  found  to  be 
pbferved  by  the  Heavenly  Bodies.  And  firft  we 
lliall  ^explain  the  Keferlan  fhjfics  delivered  in 
J         '  '  ''       Book 
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Book/{.,  Epitome  of  the  (Zo^Qvmc2Lt\  Aftronomyy^wi 
that  for  the  moft  part  in  his  own  Words. 

Proposition  LXVI. 
^T^  O  exflain  briefly  the  Suhflance  of  the  Coelefiial 
X     Thyfics  of  Kepler,  or  th^  Caufe  and  Reafon, 
which  Jo.  Kepler  has  ajfigned  ,  vjhy  the  Tlamts  ar& 
carried  in  Orbits  about  the  Stm^ 

This  great  Aftronomer  would  have  the  Sun 
to  be  a  yaft  Body,  made  to  move  about  an  Axe 
given  by  Pofition,  by  the  Creating  Power  of  the 
Divine  Being  in  the  beginning  of  Things ;  and 
left  this  Motion  ftiould  languiih  by  degrees  on 
the  account  of  the  fiuggifhnefs  of  Matter,  that 
it  is  conftantly  maintained  by  the  care  either  of 
the  Creator,  or  of  fome  Mind  deftin*d  to  it : 
The  fame  likewife  he  would  have  to  be  obfer- 
ved  in  the  Earth,  and  the  reft  of  the  Globes  of 
the  Univerfe.    The  Sun  by  this  gyration  of  his 
Body,  carrying  about  the  immateriated  Species 
of  its  own  Body  thro'  the  vaft  Spaces  of  the 
World,  carries  about  like  a  Leaver,  at  the  fame 
time,  the  Planets  which  are  apprehended  by  this 
Species.    This  Species  is  the  Virtue  of  the  Sun 
emitted  in  Right  lines  thro'  the  whole  Mundane 
Space,  which,  becaufe  itis  the  Species  of  a  Body, 
is  whirled  about  together  with  the  Sun,  like  a 
rapid  Vortex,  running  thro*  the  whole  Mundane 
Space,  with  the  fame  fwiftnefs  as  the  Sun  turns  , 
it  felf  about  its  Axis,  and  therefore  carries  along 
with  it  the  Planer,  fwimming  as  it  were  in  this 
River.  We  are  farther  to  take  notice,  that  befides  . 
thisVedory  Force  in  the  Sun,  there  is  a  natural 
fluggifiinefs  in  the  Planets  to  all  Motion,  by 
which  they  are  inclined,  by  reafon  of  their 
Matter,  to  continue  in  the  place  where  they 
are.    So  that  there  is  a  conflid  between  the 
yedory  Power  of  the  Sun,  and  the  fluggifh- 
K  4  nefs 
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nefs  of  the  Phnet,  arifing  from  its  Matter. 
Both  have  their  fhare  in  the  Victory  5  the  for- 
mer moves  the  Planet  out  of  the  place  it  was  in  • 
the  latter  in  fome  meafure  difengages  its  own,  < 
that  is,  the  Planet's  Body  from  the  fhackles  it  ^ 
was  laid  under  by  the  Sun,  when  apprehended 
by  fome  part  or  other  of  the  circular  Virtue  ; 
namely  by  that,  which  immediately  fucceeds  ' 
the  part  from  which  the  Planet  had  juft  difen- 
gaged  it  felf.  And  becaufe  this  Virtue  that  car- 
ries along  the  Planet,  and  flows  from  the  Sun's 
Body,  has  the  fame  degrees"of  weaknefs  at  dif- 
ferent diftances,as Light  has;  this  Vedtory  Pow- 
er, like  the  Sun's  Illumination,  decreafes  as  the 
diilance  from  the  Sun  increafes :  Wherefore  it 
will  carry  a  Vhvxt  placed  at  a  greater  diftance 
from  the  Sun  more  flowly,  and  confequently 
will  make  its  Periodic  Time,on  this  fcore, greats 
er.  Befides,  fince  a  like  Vedory  Power  is  pro- 
pagated from  the  Body  of  each  Planet  moving 
about  its  own  Axis ;  this  alfo  will  carry  the  fe- 
condary  Planets,  which  it  finds  in  this  River  of 
its  immateriated  Vortex,  after  the  fame  manner; 
and  they  will  never  leave  their  refpedive  Pri- 
mary, becaufe  they  are  carried  by  the  Species 
of  the  Sun's  Body  about  the  Sun,  as  well  as  their  V 
Primary,  and  together  with  their  Primary,  And 
upon  the  (impre  fuppofition  of  thefe  things, 'ti^ 
evident  that  the  Primary  Planets  would  be  car- 
ried about  the  Sun  in  Circles  concentric  to  the 
Sun,  in  the  Plane  of  a  great  Circle  of  the  Sun 
lying  exadly  betwixt  its  Poles;  and  that  the 
Secondary  Planets  would  be  carried  after  the 
fame  manner  about  their  Primary, 


KrO" 
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Proposition  LXVII. 

TO  expUin  how  Kepler  deduces  from  thefe  Vrln^ 
ciplesy  that  the  Tcriodic  Times  of  the  Vlanets 
.^ill  he  exadly  in  the  SeJ(juialttr  Frcporlion  of  their 
Orbits  or  Circles, 

Kepler  was  the  firft  who  obferved  that  this  Pro- 
portion held  in  the  Coeleftial  Bodies^  to  the  no 
imall  advantage  of  Aftronomy  and  true  Phyficsi 
jtiamely,  that  in  the  Revolution  of  the  Primary 
Planets  about  the  Sun,  and  of  the  Secondary  a- 
bout  their  refpedive  Primary^  the  Squares  of  the 
Periodic  Times  had  the  fame  Proportion  as  the 
Cubes  of  the  Semidiameters  of  their  Orbits  or 
Diftances  from  the  Sun  ;  taking  the  Mean  di- 
fiances,  and  abftra(51:ing  from  the  Excentricity. 
And  this  he  inferred  from  his  own  Principles 
after  the  following  manner.  Since  the  Vedory 
Power  of  the  Sun,(  whereby  the  Planets  are  car- 
ried about  by  the  immateriated  Vortex  or  River 
of  the  Solar  Species,)  decreafes  like  the  Illumi- 
nation,  the  diftance  from  its  fountain  or  the 
Sun  increafmg;  (that  is,  in  the  duplicate  ratio  of 
the  diftances  J  and  only  exercifes  its  Virtue  ac- 
cording to  one  dimenfion,  namely,  in  Length. 
This  Vedory  Power  in  producing  this  EiFed, 
(  namely,  carrying  the  Planet  round  )  will  be 
leffen'd  only  in  the  fimple  ratio  of  tlie  diftance 
from  the  Sun  increafed :  And  fmce  (by  his  Ar- 
chetypicalProporcionsJhe  makes  the  bulks  of  the 
planetary  Bodies  to  have  the  fame  ratio  as  thei? 
diftances  from  the  Sun  ;  the  Vedory  Power  of 
the  Sun,will  employ  equal  Forces  in  the  carry- 
ing round  each  Planet ;  namely,  fo  much  great- 
er on  the  account  of  the  greater  {\zt  or  magni- 
tade  of  the  Planet,that  the  Moving  Species  lights 
upon,  as  the  Moving  Virtue  in  that  diftance  i§ 
weaker^  and  in  the  dime  ratio  ^  namely,  of  the 
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diftance  from  the  Sun.  Again,  induced  by  the 
Geometrical  concinnity,  he  fettles  the  Quantity 
of  Matter  in  the  Planets  compared  with  one  a- 
nother,  in  the  fubduplicate  ratio  of  the  Bulk  or 
Magnitude  •  (and  fo  the  Denfity  will  be  in  the 
fame  fubduplicate  ratio  of  the  Bulk  or  Magni^ 
tude  reciprocally,)  that  is,  as  was  faid  before,  in 
the  fubduplicate  ratio  of  the  diftance  from  the 
Sun. 

Since  therefore  the  Periodic  Time  in  a  Pla- 
net, that  is  more  diftant  from  the  Sun,  is  great- 
er than  in  a  Planet  that  is  nearer,  becaufe  tha 
Way,  (that  is,  the  Orbit j  is  greater,  and  be- 
caufe the  Quantity  of  Matter  to  be  tranfported 
is  greater,  (but  in  other  refpetSts  equal,  becaufe 
equal  moving  Forces  are  employed  upon  them, 
as  was  (hewn  above,)  and  ifince  the  greatnefs  of 
the  Way  is  as  the  diftance  from  the  Sun,  and 
the  Quantity  of  Matter  as  the  fubduplicate  of 
that  diftance ;  on  both  caufes  conjoined,  the  Pe- 
riodic Time  of  the  remoter  Planet  will  be  greats 
er,  in  the  ratio  compounded  of  thefe :  But  the 
ratio  compounded  of  the  fimple  and  fubdupli- 
cate, is  the  fefquialter  or  fefquiplicate :  Where- 
fore the  periodic  Time  of  the  remoter  Planet 
will  be  greater  than  that  of  the  nearer,  in  the 
fefquiplicate  ratio  of  the  diftances  from  the  Sun ; 
that  is,  the  Squares  of  the  Periodic  Times  are 
as  the  Cubes  of  the  diftances  from  the  Sun. 
-Which  things  are  to  be  underftood  after  the  like 
manner  concerning  the  Secondary  Planets  re 
volving  about  their  Primary. 

Proposition  LXVIII. 
'^  j"^0  explain  the  Caufes  ajjlgned  hy  Kepler,   v^hy 
f      the  Orbits  of  the  Vianet s  are  Excentric. 
Since  each  Planet  is  a  Body  cognate  with  the 
!pody  of  the  Sun^  having  one  pare  Hike  a  Load- 

ftoqe) 
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ftone )  chat  is,  friendly  to  the  Sun,  and  the  o- 
ther  the  quite  contrary.  In  the  converfion  of 
the  Body  of  the  Sun,  this  Virtue  thereof, 
whereby  it  attrads  or  repels  the  Planet,  accord- 
ing as  its  friendly  or  contrary  part  is  turn'd 
to  the  Sun,  is  alfo  turned  about ;  juft  as  in  the 
converfion  or  turning  a  Load-ftone  round,  the 
attra(5tive  or  repelling  Force  is  transferred  to- 
ward different  parts  of  the  World.  And  when 
the  Sun  lays  hold  of  a  Planet  by  this  Virtue  of 
tts  Body,  whether  attrading  or  repelling,  or 
acting  dubioufly  between  both,  it  carries  it 
round  along  with  it ;  for  it  retains  it  both  by 
attracting  and  by  repelling  it,  and  by  retaining 
it,  it  carries  it  round.  Each  of  our  Load-ftones 
indeed  has  two  Poles  or  Places  of  different  Vir- 
tues, by  the  one  of  which,  one  Load-ftone  at- 
tracts another  after  a  certain  direction ;  but  by 
the  other  it  repels  the  fame.  But  in  the  Hea- 
vens things  are  fomething  otherwife.  For  the 
Sun  poffeiles  this  adive  or  energetic  Faculty  of 
attrading  or  repelling  a  Planet,  not  in  this  or 
that  place  or  part,  but  in  all  the  parts  of  its  Bo- 
dy. Therefore  it  is  probable,  that  the  Center 
of  the  Body  of  the  Sun  anfwers  to  one  extremi- 
ty, place,  or  pole  of  the  Load-ftone ;  and  the 
whole  furface  to  the  other ;  fmce  it  attrads  or 
repels  a  Planet  according  to  a  certain  diredion, 
Hot  by  this  or  that  place  on  its  furface  or  par^ 
of  its  Body,  but  by  the  whole. 

Thefe  things  being  thus  fettled,  'tis  evident, 
that  the  Body  of  the  Planet  will  not  be  carried 
^bout  the  Sun  at  the  fame  diftance  from  the 
Sun,  every  where  •  but  while  it  turns  [^Fig.  ^8.] 
its  friendly  part  to  the  Sun,  it  will  come  nearer 
to  the  Sun,  till  the  feight  lines  drawn  accord- 
ing to  the  diredion  of  this  part,  ( that  is,  the 
fibres  along  which  this  attradive  Virtue  is  pro-=» 
.^  '  '  pagated 
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pagated  from  the  Sun,)being  almoft  every  where 
parallel  to  themfelves,  are  no  more  inclined  to 
the  Sun^  but  a  Right  line  drawn  from  the  Sun 
to  the  Planet  becomes  a  perpendicular  to  thefe 
Fibres ;  in  which  cafe,  fmce  the  Sun  does  at- 
tract no  longer,  the  efFed  of  the  attraction, 
(namely,  the  accefs  of  the  Planet  towards  the 
Sun  j  will  ceafe,  and  the  Planet  will  then  be 
in  its  neareft  approach  to  the  Sun  or  in  its  Peri- 
helion. The  Planet  being  ftill  carried  about,  by 
the  above-defcribed  Vedory  Power  of  the  Sun, 
its  unfriendly  part,  or  that  which  fiiuns  the 
Sun,  will  by  little  and  little  be  direded  to- 
wards the  Sun,  and  hereupon  the  Planet  will  be 
continually  repelled  from  the  Sun;  and  that 
will  be  continued  till  neither  of  thefe  parts  or 
places  be  inclined  towards  the  Sun,  but  a  Right 
line  conneding  the  Sun  andPlanet,would  again 
become  perpendicular  to  the  Fibres  of  the  Vir- 
tue ;  and  then  the  Planet  will  be  found  in  its 
Aphelion,  becaufe  at  the  greateft  diftance  that 
the  repelling  force  of  the  Sun  can  remove  the 
Planet  to,  while  it  is  carried  about.  And  the 
Planet  being  librated  by  thefe  Fibres,  fo  as  to 
be  attracted  by  the  Sun  in  one  part  of  its  Orbit^ 
and  repelled  by  it  in  the  other,  defcribes  an 
Orbit  about  the  Sun  indeed,  but  not  about  it 
as  its  Center;  but  Excentric  to  the  Sun.  Again, 
becaufe  the  Species  of  the  Sun  s  Body  commu- 
nicating a  Motion  to  a  Planet,  is  thinner  and 
weaker  in  a  larger  Circle  in  the  ratio  of  the 
diftance  from  the  Sun,  as  it  produces  this  efFed:, 
('as  was  ftiewn  in  the  preceding  Propofition^ 
and  the  Planet  in  the  mean  while  continues  of 
the  fame  Bulk  and  Denfity,  becaufe  the  fame 
Planet :  'Tis  evident,  that,  other  circumftance* 
continuing  the  fame,  the  Celerity  of  the  Planet 
i%  leiien'd^  in  the  fame  ratio  with  the  conftipa- 
'  tion 
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tion  and  denfity  of  the  Vedory  Power  of  the 
Sun;  that  is,  reciprocally  as  the  diftance  from 
the  Sun.  Farther,  the  Virtue  of  the  Sun  that  at- 
tr^ds  and  propels  the  Planet  iffuing  along  vir- 
tuous lines  proceeding  from  the  Center  of  the 
Sun,  and  going  round  together  with  the  Sun, 
has  its  itrength  proportional  to  theCo-fine  of  the 
Angle,  made  by  the  Radius  of  the  Sun  and  the 
Fibre  that  admits  the  Solar  Virtue  into  the  Pla- 
net: And  therefore  this  Excentric  Orbit  will 
not  be  a  perfcd  Circle,  but  an  Eliipfe,  narrow- 
er and  more  deprefs'd  on  the  fides,  and  having 
the  Sun  for  one  of  the  Feci. 

Nov/,  from  the  fame  Principles  he  fhews,  that 
the  ElUpfe  is  defcribed  about  the  Sun  in  the  Fo- 
cus, in  fuch  a  manner  as  that  equal  Areas  are 
defcribed  in  equal  Times,  by  a  Radius  drawn  to 
the  Sun,  which  he  calls  the  VeBcr  -^  and  univer- 
fally,  that  the  Areas,  which  this  fame  Radius 
fweeps  over,  are  proportional  to  the  Times 
wherein  they  are  defcribed. 

But  fince  thefe  libratory  Fibres,  by  the  help  of 
which  the  Planets  are  librated  upwards,  always 
continue  as  it  were  parallel  to  themfelves  whilethe 
Planetis  carried intirely  round,and  (by  what  wps 
Ihewn  before)isfo  inclined  in  refpedof  the  whole 
Univerfe,  as  that  the  line  of  the  Apfides  of  each 
Planet  is  perpendicular  to  thofe  Fibres,  which 
are  placed  either  in  the  plane  of  the  Orbit,  or 
of  the  Planet,  or  in  a  fituation  parallel  to  it  j 
and  fince  the  Axis  of  no  Primary  ]?lanet,  about 
which  it  is  turn'd  as  it  were  by  a  diurnal  Mo- 
tion, has  this  Pofition,  and  no  other  Line  but 
this  Axis,  and  Right  lines  parallel  to  it,  can 
keep  the  fame  fituation  in  regard  of  the  Uni- 
verfe, if  the  intire  Globe  of  the  Planet  be  folid 
and  united  •  'tis  evident  that  Kefkr  was  obliged 
to  fuppofe  within  this  exterior  Cruft  of  the  Pla- 
net, 
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net,  (whofe  Axis  keeps  a  given  Pofition,  name- 
ly, that  about  which  the  Planet  is  turn'd  in  its 
Diurnal  Motion^)  a  Globe  intirely  feparate  and 
divided  from  this  Cruft,  and  no  ways  yielding- 
to  its  Diurnal  Motion,  whofe  Axis  and  Right 
lines  parallel  to  it  may  fuitain  the  Places 
of  the  faid  Lthratory  Fibres,  and  conferve  the 
Pofition  necelTary  to  this  purpofe  defcribed  a- 
bove^  while  the  exterior  Cruft,  according  to 
the  nature  of  each  Planer,  revolves  by  a  Diur- 
nal Motion  peculiar  to  it  felf 

PRorosiTioN  LXIX. 

TO  explah  the  Caufes  ajjigned  by  Kepler,  ivlo^ 
the  Orbits    of  the  Planets  are  inclined  to  the 
Ecliptic. 

In  this  Kepler ia-ft  Phyfics,  which  we  are  now 
tipon,  if  there  were  no  Fibres  (fuch  as  we  de- j 
fcribed  in  the  preceding  Propofition)  in  the  Pla-  ' 
nets,  by  which  they  are  librated  upwards;  orifi 
thefe  Fibres  turned  their  fide  to  the  Sun  ,•  that 
is,  neither  that  part  which  was  friendly  to  the 
Sun,  nor  that  part  which  was  the  contrary  • 
eai:h  Planet  remaining  at  the  fame  diftance 
from  the  Sun,  would  defcribe  a  perfed  Circle 
concentric  with  the  Sun.  After  the  like  man- 
ner, all  the  Planets  (  being  a6ted  upon  only  by 
Forces  arifing  from  hencej  would  go  round  in 
the  fame  Plane  in  an  uniform  and  diredl  Stream 
as  it  were,  in  the  middle  of  the  Channel,  (or  in 
a  Circle  lying  exactly  between  the  Poles  of  the 
Revolution  of  theSun,called  by  himthQ  Vi p.  Regi^^ 
or  Royal  JVay.)  But  becaufe  they  wander  variou- 
lly  on  this  or  that  fide  of  the  Via  Regia^th^  Caufe 
of  this  Effed  muft  befomewhat  like  that,where- 
by  a  Ship  under  fail  is  thruft  to  one  fide  of  the 
line,  according  to  which  it  would  have  been 
moved  by  the  Wind  alone,  namely,  by  an  Oar 

held 
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iield  obliquely  to  the  Stern,'  or  by  the  Rud- 
der kept  in  an  oblique  pofition.  In  each  Planet 
there  are  Fibres  (which  he  calls  from  their  Of- 
fice, the  Fibres  of  Latitude)  always  placed  in  the 
Plane  of  its  Orbit,  or  parallel  to  it,  and  which 
remain  always  parallel  to  themfelves  in  every 
converfion  or  motion  of  the  Planet;  fo  that 
when  a  Planet  is  in  a  Node  or  common  in- 
terfedion  of  the  Plane  of  the  Via  Regi^y  with 
the  Plane  of  the  Orbit,  the  middle  of  the  Fibre 
of  Latitude  that  paffes  thro'  the  Center  of  the 
Planet,  touches  the  Orbit  ;  and  therefore  at  e- 
very  one  of  thefe  Fibres,  one  part  towards  one 
iide  of  the  Via  Regia^  the  other  part  towards 
the  other  fide,  ftands  without  that  Plane,  incli- 
ned to  it  at  the  fame  Angle,  as  the  Orbit  of 
the  Planet  is  to  the  Via  Regh.  When  therefore 
the  Species  of  the  Sun's  Body  meets  with  that 
half  of  the  Fibre,  which  is  behind  and  ftands 
upwards,  it  will  impel  the  Planet  that  way,  as 
the  half,  which  is  foremoft,  tends  towards ;  that 
is,  according  to  the  Plane  of  the  Orbit  proper 
to  that  Planet :  But  fmce  thefe  Fibres  of  Lati- 
tude continue  in  a  pofition  parallel  to  them- 
felves thro'  the  whole  Revolution ,  hence  it 
comes  to  pafs,  that  in  a  Planet  placed  in  its 
Limit  or  greateft  diftance  from  the  Via  Regia^ 
neither  extremity  of  the  Fibres  go  foremoft,  but 
the  Fibres  direded  as  it  were  towards  the  bot- 
tom of  this  River,  (that  is, towards  the  Sun,)  and 
receiving  the  impulfe  on  it's  fide  diredly  oppo- 
fed  to  it,give  no  caufe  for  an  ejedion  farther  any 
way ;  'till  a  change  be  made  in  thefe  points  of 
theLimits,fo  as  that  the  extremity  of  the  Fibres, 
which  went  foremoft  before  the  arrival  of  the 
Planet  to  the  Limit,  may  now  go  behind,  the 
other  going  before  ;  and  for  that  reafon  the 
Planet  may  begin  to  approach  again  towards 

the 
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the  Via  Reg^a.     For  inftead  of  the  Power  of 
the  Rudder  in  a   Ship^  there  is  in  the  Planet  a-- 
nother  Force  of  the  Fibres  much  more  fuita-^ 
ble;  becaufe,  as  the  Libratory    Fibres  have  at 
natural  Power  to  retain  a  parallel  fituation  in 
the  tranfporcarion  of  the  Body,  fo  alfo  there  is, 
in  the  Fibres  of  Latitude^  befides  a  like  Power- 
of  retaining  a  parallel  fituation^  another  natu- 
ral Power  of  agility^  or  of  preferving  the  fame'. 
Line^  and  of  deriving  according  to  the  diredi-^ 
on  of  it,  a  Motion  imprefs'd  upon  themfelves, 
fo  far  as  the  Motion  tends  thejfame  way  Vv^ith 
that  other  extreme  of  the  Fibre.     Becaufe  thefS 
Fibres  of  Latitude  are  entirely  different  from 
the  Fibres  defcribed  above,  by  which  the  Sunt ' 
attrads  or  repels  a  Planet,  as  well  in  regard  of 
their  nature  and  office^  as   in  refped  to  their 
lituation  ;  for  the  Fibres  of  Latitude  are  every 
where  parallel  to  a  Right  line  touching  the  Or- 
bit at   the  Node  in   the  Fia  Regia  :  But  thofe 
others  fby  preced.  Pr^p.)  are  parallel  to  a  Right 
Line,  which  is  a  Tangent  to  the  Orbit  in  the 
Aphelium  :    Thefe  Fibres,  according  to  Kepler^ 
ought  to  be  found  in  different  Bodies,  fince  (in 
Kepler  s  judgment)   the  Apfides  go  forward,  and 
the  Nodes  go  backward,  tho'   it  be  but  flowly 
in  the  Primary  Planets ;  and  'tis  certain  that  the 
fame  happens  in   the  Secondary.     Wherefore, 
befides  an  exterior  Crufb  furnifhed  with  Fibres^, 
by  which  the  Axis,  about  which  the  Planet  re-- 
volves  by  its  Diurnal  Motion,  is  kept  parallel 
to  it  felf  in  its  whole  circuit  about  the  Sun,  he 
found  it  necelTary  to  fuppofe  an  interior  Cruffi 
(which  might  be  like  a  Nucleus,in  regard  of  the 
exterior,)  intirely  feparate  from  the  former, and  * 
agitated  by  other  Forces ;  in  which  there  are  - 
Fibres,  by  which  the  Planet  may  be  librated 
upward  and  downwards :  And  within  this  Nu- 
cleus, 
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cleus,  or  rather  Cruft^  he  is  forced  to  fuppofe 
again  another  interior  Nucleus  feparate  from 
the  former  middle  one^  and  having  a  different 
Period,  in  which  the  Fibres  of  Latitude  are  ex- 
panded •  flnce  it  is  impollible  that  thefe  diffe- 
rent Fibres  having  different  Periods,  fliould  be 
fpread  in  one  and  the  fame  Solid. 

Proposition   LXX. 

TO  pGwt  out  and  refute  very  briefly  the  mlfiakes 
that  are  to  he  found  in  the  Keplerian  Celefii^ 
al  Thyfics  explain  d  above. 

Tho'  we  undertake  to  oppofe  Kepler's  Cele- 
flial  Phyfics,  yet  we  don  t  do  it  with  fuch  a 
temper,  as  if  we  rank'd  him  a  Perfon,  whofe 
Fame  will  be  Immortal  among  the  common  Sy* 
ftem-makers  or  hunters  after  Phyfical  Caufes, 
For  he  was  fo  far  from  this,  that  on  the  con- 
trary, he  is  the  only  Man  ( excepting  perhaps 
fome  of  the  Ancients,  as  Tythagoras^  Sic.)  who 
has  treated  of  theCeleltial  Phyficsin  aMathema- 
tical  manner.  His  Archetypical  Ratios,  Geometric 
cnl  Concinnities y^nd  Harmonic  Froportions, (how  fuch 
a  force  of  Genius  as  is  not  to  be  found  in  any 
of  the  Writers  of  Phyfical  Aftronomy  before 
him  :  So  that  Jeremiah  Horox,  a  very  competent 
Judge  of  thefe  matters,  tho'  a  little-  averfe  to 
Kepler  in  the  beginning  of  his  Aftronomical  Stu- 
dies, after  having  in  vain  tried  others,  entirely 
falHng  in  with  Kepler  s  Dodrine  and  Phyfical 
Reafons,  thus  addrelfes  his  Reader,  Kepler  is  a 
Ferfon  whom  I  may  jufily  admire  above  all  Mortals 
hefide  ;  I  may  call  him  Great ,  Divine,  or  even  fome- 
thing  more ,  fince  Kepler  is  to  he  valud  above  the 
whole  Tribe  ofFhilofophers.  Him  alone  let  the  Bards 
Sing  of' — .  Him  alone  let  the  Fhilofophers  Read  ; 
being  fatisfyd  of  this,  that  he  who  has  Kepler,  has 
\fill  Things. 

h  For 
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For  what  greater^or  more,  like  fomethingDi 
vine,  could  happen  to  a  Mortal  in  this  matter 
than  by  thefe  Harmonic  Speculations^  exadly  t(j 
determine  the  proportion  of  the  Orbits  of  th< 
Planets^  than  to  be  the  firft  that  fhould  find  ou 
the  true  way  of  the  Planet  about  the  Sun  (name 
ly  the  Elliptic;  )  and  laftly,  than  to  fhew  th< 
true  manner  of  a  Planet's  Motion  in  this  way 
^'/2s.  that  by  a  Radius  drawn  to  the  Center  0 
the  Sun,  placed  in  the  Focus  of  the  Ellipfe,  i 
defcribes  Areas  proportional  to  the  Times  ?  Bu 
there  are  fome  things  which  I  can't  approve  c 
in  Keple/s  Mechanical  caufe  of  thefe  Motions 
and  they  are  thefe  following. 

J.  If  neither  the  Friendly  nor  the  Oppofit 
part  of  the  Planet  be  turned  to  the  Sun,  0 
if  the  Planet  ( on  the  account  of  the  weak 
nefs  of  the  Fibres, whereby  it  is  librated  upward 
and  downwards)  be  fo  difpofed,as  neither  to  b 
attraded  or  repelled  by  the  Sun,  (as  it  happer 
in  Venus,  according  to  Krpkrs  judgment;)  the:; 
he  would  have  it,  that  the  Planet  defcribes 
perfed  Circle^  by  the  Species  of  the  Sun  whici 
is  carried  about ;  whereas  'tis  certain,  that  a  Be 
dy  which  is  not  urged  by  a  Force  tending  to 
Center,  will  not  defcribe  a  Circle,  but  a  Righ 
line.  Since  therefore  the  Orbits  of  Planets  ar 
Circular  even  in  this  cafe,  'tis  evident  that  the 
are  impelled  towards  a  Center  by  fome  othe 
Force.befides  that  which  arifes  from  the  obverii 
ing  the  Friendly  part. 

2,  During  the  Planet's  afcent  from  the  Per: 
helium  to  the  Aphelium,that  part  which  is  Ur 
friendly  is  turned  to  the  Sun,  and  confequent 
ly  is  repelled  from  the  Sun,  and  in  this  cafe  ir ; 
tirgedonly  by  chat  Force,  which  is  directed  a 
long  the  Line  that  conneds  the  Sun  and  Pis 
xier.     But  'tis  well  known  in  Mechanics^  that 

Planei 
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Planet  a<5led  upon  by  this  Force  alone,  would 
be  fo  far  from  defcribing  an  Ellipfe,  having  the 
Sun  for  a  Focus,  that  on  the  contrary,  it  would 
defcribe  a  Curve  convex  towards  the  Sun. 
Wherefore  a  Planet,  whofe  Orbit  is  an  Ellipfe, 
having  the  Sun  for  a  Focus,  muft  neceffarily 
be  urged,  even  in  its  afcent  from  the  Sun,  from 
the  Perihelium  to  the  Aphelium,  by  a  Force 
tending  to  the  Sun,  fince  an  Ellipfe  is  concave 
towards  both  Foci.  Kefkr  therefore,mufl:  be  ve- 
ry much  out  of  the  way,  when  he  would  have  a 
Planet  repelFd  by  the  Sun,  in  its  afcent  to  the 
Aphelium,  or  when  he  would  have  a  Planet  nei- 
ther attraded  nor  repelled,  when  it  defcribes  a 
perfed  Circle  about  the  Sun  concentric  to  it : 
For  unlefs  in  both  cafes  it  be  attraded  or  other- 
wife  impelled  towards  the  Sun,  it  will  not  de^ 
fcribe  a  Curve  concave  towards  it :  For  it  can't 
be  retained  thus,  without  fome  kind  of  attradion. 
3.  In  his  enquiry  into  the  proportion  of  the 
Planetary  Orbits,  he  alTumes  fome  things  plain- 
ly contrary  to  Obfervation,  how  much  foever 
it  is  that  they  agree  with  his  imagined  Archi- 
typical  Ratios :  As  that  the  Magnitudes  of  the 
Planetary  Bodies  are  as  their  Diftances  from  the 
Sun  y  and  that  their  Denfiries  are  reciprocally 
as  the  Square  Roots  of  their  Magnitudes.  From 
whence  it  follows,  that  the  Quantity  of  Matter 
in  the  Planets  is  diredly  as  the  Square  Root  of 
their  diftances  from  the  Sun :  Becaufe  the  quan- 
tity of  Matter  is  as  the  Magnitude  and  Denfity 
conjunctly.  But  every  Body  knows  that  Mars  is 
lefs  in  bulk  than  Venus,  which  notwithftanding 
ought  to  be  as  big  again  asVenus,  according  to 
Kepler's  reafoning  ;  becaufe  diftant  as  far  again 
from  the  Sun.  Obfervation  informs  us,  that 
the  Globe  of  Jupiter  is  bigger  than  Saturn,  the* 
it  ought  by  the  aforefaid  Rule  to  be  as  little  a- 
L  z  gain. 
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gain.  Notvvithftanding  he  might  deduce  from 
the  things  that  he  knew,  and  firft  difcovered, 
(namely^that  the  Path  of  a  Planet  is  the  Perime-- 
ter  of  an  Ellipfe,  one  of  whofe  Focus's  is  in  the 
Center  of  the  Sun,  which  it  fo  defcribes,  as 
that  its  Radius  that  carries  ir,  fweeps  Areas  pro- 
portional to  the  Times^)  without  the  confidera- 
tion  of  the  Magnitude  and  Denfity  of  the  Pla- 
net, that  the  Periodic  Times  of  the  Planets 
i'evolution  about  a  common  Center,  are  in  the 
lefquiplicate  ratio  of  their  greater  Axes,  or 
mean  diftances  from  the  Sun.  But  it  is  pro- 
bable that  Kepler  deduced  the  Proportion  of  the 
Planetary  Orbits,  and  their  Number,  from  the 
intervals  neceflary  for  the  interpofition  of  five 
regular  Bodies ;  and  that  he  afterwards  afligned 
to  them  fuch  Magnitudes  and  Denfities,  as  he 
could  draw  this  fame  proportion  from  by  ano-j 
ther  Method. 

4.  Not  to  fpeak  of  his  Virtue,  which  has  too 
little  of  Mechanifm,  and  too  great  an  affinity 
to  an  Animal  Power,  which  he  gives  to  the 
Fibres  of  Libration  and  Latitude  in  the  Planets^ 
(to  the  latter,  natural  power  of  Agility,  but  to 
the  former,  in  one  part,  an  inclination  towards;, 
the  whole  Body  of  the  Sun  j  in  the  other,  a 
flight  from  it ;  j  and  the  divifion  arifing  from 
hence,of  every  Planet  into  a  Shell,  and  a  Kernel; 
feparate  from  the  Shell,  and  librated  in  its  ca-i 
vity,  in  a  different  Period,  and  in  fome  anotherj 
Nucleus  within  the  former.    -  I 

Not  to  mention,  I  fay,  thefe  things,  which; 
have  but  little  of  Mechanics  in  them,  and  fo- 
reign to  the  Method  which  Nature  ufes,  Kef- 
lers  Syftem  about  the  manner  of  the  Sun's  car-l 
rying  round,  attrading,  or  repelling  the  Pla- 
nets, is  founded  upon  what  is  contrary  to  one  of 
the  chief  Laws  of  Nature  andMotion,  whereby 

can 
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care  is  taken  that  there  be  a  Rea(5lion  always 
contrary  and  equal  to  any  Adion.  For  accord- 
ing to  Kepkry  in  Epit.  Book  IV.  Thh  Virtue  of 
Kxpidjion  and  AttraB^ion  is  not  in   the  Planets  them- 
felves^  hut  in  the  Sun  only.     And  tho  the  attraclorj 
and  reptilfory  Tower  of  the  Sun  he  extended  to,and  af- 
fecl   the  Planet Sy  jet  like  fower  of  a  Planet  does  not 
reach  to  the  Sun  and  affe^  it.     For  were  it  fb^  he 
confeiTeSj  that  the  Sun  would  he  moved,  out  of  the 
place  it  has  in  the  Center  of  the  World ,  hy  the  Planets ^^ 
in  the  reciprocal  ratio  of  their  Bodies 'j  or   at  leafl  Vf  , 
ought  to  tituhate  or  red  as  it  were,  heing  fomttimei' 
oitraBed  more  this  way,  fometimes  more  that  way, 
according  as  more  Planets  happe?^  to  come  together  on 
the  fame  fide  of  the  Sun,  halving  f mil ar  Power  si  But 
this  he  entirely  gets  rid  of,  by  denying  a  mutu- 
al attrailion.     Kepler  here  had  forgot  the  true 
Dodrine  of  Gravity,  that  he  had  laid  down  a- 
bout  II  Years  before^  in   his  IntroduBlon  to  his 
Commentaries  upon  Mars,  built  upon  thefs  Axioms: 
^hat  Gravity  is  a  mutual  affe^ion   of  union  or  con- 
iiin^ion  in  Bodies  that  are  a-kin  to  one  another.  That- 
^wo  Bodies,  if  they  are  not   hindered,  will  meet  in 
■he  intermediate  Space,   each   having  moved  one  to- 
Wards  the  other  a  length  reciprocally  proportional  to  the 
magnitude  of  the  other  :  So   that  if  the  Aioon   and 
y^arth  were   not   retain  d  each  in  their  Circuit,  the 
fart^  would  aj-cend  towards  the  Moon  the  Fifty  fourth 
\art  of  the  dlfance   h^tweeen  them  ',  a*ttd  the  Moon 
vould  defcend  towards  the    Earth  about  Fifty  three 
iarti  of  the  interval,  and  they  7Pouldhoth  meet  there  ; 
\^Pfofrg  the  ftih^ance  of  both  to  he  of  the  fame  den- 
■tj.  That  the  Moon  draws  up  the  Waters  of  the  Ttr^ 
^.Urial  Globe,   from   whence  arifes  ck  flux,   where 
ke  Channels  of  the  Ocean,    are  hrfiadeft^  and  afford 
■>f>m  for  a   reciprccatiop.     And  if  the  Earth  (hould 
iafe  to  attra^.toopards  it  f elf  its  own  fluids,  the  Wa^ 
'■r  of  the  Sea  would  he  -raj fed  and  flow  towards  the 
JL   I  Moon^ 
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Moon,  Nor  did  he  fear  himfelf,  anfwering  the 
difficulties  above-mentioned,  about  the  titubati- 
on  of  the  Sun,  and  its  removal  out  of  the  Cen- 
ter of  the  World  •  where  he  fpeaks  after  the  fol.- 
lowing  manner  :  For  [0  great  is  the  hulk^  fo  great 
the  denfity  of  the  Matter  of  the  Body  of  the  Sun^  and 
fo  great  the  attraBl've  and  refulfive  Virtue  ofit'^  on 
the  contrary y  fuch  is  the  fmallnefs  both  of  the  Vianet 
and  its  renitence^  that  the  Sun  is  in  no  danger  of  be" 
ing  rtmo'ved  cut  of  its  place. 

From  what  has  been  deliver'd,  'tis  evident, 
how  near  this  great  Philofopher  and  Aftrono- 
mer  was,  to  the  finding  out  the  true  Coeleftial 
Phyfics,  (who  even  in  Epit.  Afiron.  Book  5;.  §  !♦ 
had  faid.  As  the  Sun  attraBs  the  Vianet^  fo  the 
Earth  attraBs  Bodies  ;  on  the  account  of  which  at^ 
traBion^  the  Bodies  are  faid  to  be  hea^vyf)  and  how 
much  afliftance  he  has  given  in  this  matter,  and 
how  rightly  he  Prophefied,  when  he  faid.  The 
true  Caufes^  ^antities^  and  DireBions  of  the  Moti" 
ons  of  the  Af fides  and  N§des  of  the  Vianet Sy  and  other 
watters  of  this  kindy  remain  in  the  VandeBs  of  the 
folloming  Agey  not  to  he  underftood  before  the  Divine 
Being y  the  difpofer  of  Times  and  Seafonsy  has  opend 
this  Book  to  Mortals. 

Proposition  LXXI. 

TO  explain  briefly  and  fummarily  the  Cartefian 
Ccelefiial  Vhyficsy  or  the  Caufe  and  Reafon,  7i>hy 
the  Vianet s  are  carried  round  the  Suny  which  Rena- 
tus  des  Cartes  invented. 

Such  as  have  endeavored  to  find  out  the 
Phyfical  Caufes  of  the  Cceleflial  Motions,  have 
all  of  them  fought  them  in  the  Sun.  For  the 
Rotation  of  the  Sun  in  his  Space  about  an  im- 
movable Axis,  the  fame  way  that  all  the  Planets 
take  and  follow  in,  and  that  in  a  fhorter  Peri- 
od than  that  of  Mercury,which  is  the  neareft  tc 
jlim^and  every  other  Planet  in  a  greater  period, 
-■■--■■:...  ai 
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as  it  IS  farther  from  the  Sun  ;  and  the  Rotation 
of  the  Primary  Planets  about  their  proper  Axes ; 
and  of  the  Secondary  again  about  thefe  Primary, 
juft  as  thofe  Primary  revolve  about  the  Sun  ; 
all  towards  the  fame  coaft  of  the  Heavens^  ^nd 
almoft  in  the  fame  Plane ,  have  the  higheil 
degree  of  probability.  And  thefe  Phsenome- 
na  do  plainly  befpeak,  either  that  all  this 
motion  of  the  Primary  Planets  arifes  from  the 
Sun's  motion^  or  at  leaft^  that  both  of  them  de- 
pend upon  one  common  Caufe.  Hence  ic 
came  about^  that  feveral  Philofophers  thought 
the  Planets  were  carried  by  the  i^ther^  v^^hirFd 
about  the  Sun  by  a  Vortex  or  Whirl-pool  ,•  and 
that  long  before  Cartes^  or  even  Epicuru/s  Tim^. 
But  Kepler^  who  was  better  acquainted  with 
the  motions  of  the  Stars,  faw  well  enough  that 
they  could  not  be  carried  about  by  any  mate- 
rial Vortices:  For  if  the  Planets  fwimming  in 
the  Matter  of  the  Vortex,  and  as  it  were  at  reft 
in  it,  were  carried  about  together  with  the  parts 
of  the  Vortex,  he  faw  that  they  would  defcribe 
perfed  Circles,  and  have  other  periods  in  re- 
gard of  their  diftances  from  the  Center,  than 
we  find  by  Obfervation  agree  to  them.  He 
therefore  rather  chofe  to  fubftitute  the  immate- 
riated  Species  of  the  Sun  s  Body,inftead  of  Mat- 
ter whirl'd  about  like  a  Vortex,  yet  calling  it  by 
the  name  of  the  Cdefiial  Vortex  and  Ri'ver,  But 
afterwards  Cartes,  making  light  and  taking  no 
notice  of  thefe  niceties  and  Aftronomical 
Dbfervations,  and  being  refolved  to  frame  a 
World,  brought  in  Vortices  again;  together 
with  a  popular  w^ay  of  reprefenting  the  moti- 
ons of  the  Stars.  And  tho'  Vortices  were  intro- 
duced into  the  Heavens  by  others  before  Cartes^ 
and  have  been  made  ufe  of  by  others  fmce  him, 
and  preffed  into  other  fervice,  yet  they  retain 
L  .4  Cartes  % 
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Carie/s  Name.  We  fhall  therefore  briefly  de- 
fcribe  this  Syftem,  fo  far  as  ferves  our  purpofe, 
in  Cartes  s  VVords,  out  of  the  Third  Tart  of  his 
Frinciples  ofThilcfofhy, 

Cartes  fuppofes  then^  That  all  the  Matter  of 
which  the  vifible  World  is  made^  was,  in  the 
beginning  of  Things^  divided  by  God  into  Par- 
ticles very  nearly  equa]5of  a  moderate  fize,  and 
equally  moved^  not  only  each  about  its  pro- 
per Center,  and  feparately  from  one  another, 
fo  as  to  compofe  a  Fluid  ;  but  feveral  alfo  about 
fome  other  points,  in  like  manner  remote  from 
one  another,  and  fo  they  compofed  various  Vor- 
tices. Afterwards  he  refolves  thefe  equal  Par- 
ticles, worn  a  little  by  their  inteftine  motion, 
into  Globules  of  different  Sizes,  all  which  he 
calls  Particles  of  the  fecond  Element,  and  a  part 
of  a  Fluid  form'd  out  of  the  irregular  minute 
parts  rubbed  off  from  the  corners  of  the  Glo- 
bules, and  moved  always  with  a  very  great  ra- 
pidity, he  calls  the  Matter  of  the  firft  Element. 
Now,  there  being  mor^  of  this  fort  of  Matter 
than  was  necelTary  to  fill  up  the  interftices  of 
the  GJobuleSj  what  remained  was  thruft  down 
towards  the  Center  by  thefe  Globules  receding 
from  their  Center,  by  reafon  of  their  circular 
morion,  and  being  there  colleded  into  a  Sphe- 
rical Body,  conftitutes  the  Body  of  the  Sun  in 
the  Center  of  each  Vortex.  Befides  this  equal 
Motion  impreffed  originally  upon  thefe  Parti- 
cles,about  the  Center  of  the  Vortex,the  Sun,  juft 
form'd  in  the  center  of  theVortex,  and  revolving 
about  its  own  Axis  the  fame  way  with  the  reft  of 
the  Matter  of  the  Vortex,  and  always  emitting 
fome  of  it  felf  along  the  narrow  paiTages  that  are 
Avirhin  the  Globules  of  the  fecond  Element  to- 
wards theEclipcic<,or  Circle  lying  juft  in  the  mid- 
dle between  the  Poles^  ^receiving  as  much  at  its 

Poles 
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Poles  from  the  neighbouring  Vortices,  as  it  e- 
mits J  has  a  power  of  carrying  thcfc  Globules 
along  with  it;  thofe  nearer,  quicker,  but  thofe 
farther  off,  flower.  But  fince  thefe  lower  Glo- 
bules of  Ccsleftial  Matter  move  quicker  than 
the  fuperior  ones,  they  ought  alfo  to  be  lefs. 
For  if  they  were  greater  or  equal,  they  would 
upon  that  account  have  more  Forces,  and  there- 
fore would  become  uppermoft  by  their  centri- 
fugal Force.  And  all  thefe  particulars  will  be 
the  fame  in  any  Vortex  whatever,  within  cer- 
tain limits,  beyond  which  the  upper  Globules 
are  moved  quicker  than  the  lower,  being  as  t6 
their  Sizes  equal.  Thefe  limits  in  the  Solar 
Vortex  he  places  about  the  Orb  of  Saturn,  or 
a  little  beyond. 

Thefe  things  being  fuppofed,  if  any  Star, 
which  being  placed  in  the  center  of  its  Vortex^ 
does  tht  office  of  a  Sun,  (hould  happen  to  be 
covered  with  Spots,  and  by  that  means  weak- 
ened fo  as  to  be  overcome  and  carried  along  by 
the  neighbouring  Vortex  of  the  Sun ;  if  this 
Star  be  but  capable  of  a  lefs  degree  of  agitation, 
or  have  lefs  folidity  than  the  Globules  of  the 
fecond  Element  that  are  near  the  circumference 
of  our  Vortex,  yet  fomething  more  than  fome 
of  thofe  which  are  nearer  the  Sun  ;  we  are  to 
underftand  that  this  Star,  fo  foon  as  *tis  arrived 
into  the  Vortex  of  the  Sun,  ought  to  defcend 
continually  towards  its  Center,  till  it  arrive  to 
fuch  Co^leftial  Globules  as  it  is  equal  to  in  foii- 
dicy  or  aptitude  to  perfevere  in  its  motion  a~ 
long  Right  lines.  And  when  it  has  at  laft  got 
thither,  it  will  neither  approach  nearer  to  the 
Sun,  nor  yet  farther  off  from  it,  unlefs  it  be 
fomething  propelled  from  thence,  by  fome  o« 
ther  Caufes  afterwards  to  be  related  :  But  being 
in  eqtiHihrio  with  thofe  Cceleltiai  Globules,  will 

revolt 
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revolve  about  the  Sun  with  them,  and  become 
a  Planet.  Every  one  of  them  therefore  is  at  reft, 
in  that  part  of  the  Heaven  where  it  is;  and  all 
the  variation  of  fituation  obferved  in  them,  only . 
arife  from  the  motion  of  the  matter  of  Heavens 
or  Vortex  that  contains  them.  According  to  this 
Syftem  then,  nothing  hinders  us  from  imagin- 
ing the  Space,  in  which  at  prefent  the  fingle 
Vortex  of  the  Sun  is  contained,  to  be  at  firft  di- 
vided into  feventeen  or  more  Vortices ;  and  that 
they  were  fo  difpofed,  that  the  Stars,  which 
they  had  in  their  Centers,  were  by  little  and 
little  at  length  covered  with  feveral  Spots,  and 
then  thefe  deftroy'd  by  other  Vortices,  the 
one  quicker,  the  other  flower,  according  to 
their  diiFerent  fituation.  So  that  fince  thefe 
four,  in  whofe  Centers  were  the  Sun,  the  Earth, 
Jupiter,  and  Saturn,  were  bigger  than  the  reft, 
the  Stars  which  were  in  the  Centers  of  riie  five 
leffer  that  flood  about  Saturn,  defcended  to- 
wards Saturn  ;  and  thofe  in  the  Centers  of  four 
others  about  Jupiter,  towards  Jupiter  ;  in  like 
manner  the  Moon  near  the  Earth,  towards  the 
Earth  :  Afterwards  Mercury,  Venus,  the  Earth, 
with  the  Moon,  and  Mars,  (each  of  which  Stars 
aMb  formerly, had  a  Vortex,)  towards  the  Sun  ; 
and  at  length  Jupiter  and  Saturn,  together  with 
the  lefferStars  about  themXunk  together  to war(5s 
the  Sun,  much  greater  than  themfelves,  after 
their  own  Vortices  were  deftroyed  .•  But  the 
Stars  of  the  other  Vortices,  if  they  were  ever 
more  than  feventeen  in  this  Space,  pafs*d  a- 
way  into  Comets,  moving  almoft  in  a  Right 
line  out  of  one  Vortex  into  another ,  and 
never  returning.  So  that  now,  fmce  we  fee  the 
Primary  Planets  carried  at  different  diftances 
from  the  Sun,  we  are  to  judge,  that  this  hap- 
pened, becaufe  the  folidity  of  fuch  of  them  as 

are 
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are  nearer  the  Sun,  is  lefs  than  that  of  thofe  that 
are  farther  off:  And  that  from  hence  it  came  to 
pafs,  that  the  fame  part  of  the  Moon  is  turn- 
ed cowards  the  Earth,  or  at  leaft  does  not  defect 
much  from  it,  becaufe  its  other  part,  which  is 
turned  from  the  Earth,  is  fomething  more  folid, 
therefore  in  moving  round  the  Earth  ought  to 
defcribe  a  greater  compafs.  And  fin ce  we  fee 
the  inferior  of  thofe  higher  Planers  to  move 
round  quicker,  we  fliU  judge  it  to  arife  from 
hence,  that  the  Matter  of  the  firft  Element, 
which  compofes  the  Sun,  by  whirling  round 
very  rapidly,  carries  along  with  it  the  nearer 
parts  of  the  Heaven,  and  the  Planets  fwimming 
in  them,  which  are  there  relatively  at  reft,  bet- 
ter than  the  more  remote.  Jupiter,the  Earth,d^r. 
revolve  about  their  own  Axes,  becaufe  they 
were  formerly  lucid  Stars  placed  in  the  Centers 
of  fomeVortices,andno  doubt  gyrating  there  like 
our  Sun,  and  even  now  the  Matter  of  the  firft 
Element  collated  in  the  Centers  of  them,ftill  re- 
tains the  fame  Motion,  and  impels  them. 

Laftly,  we  are  not  to  think  that  all  the  Cen- 
ters of  the  Planets  are  always  accurately  in  the 
fame  Plane,  nor  the  Circles  they  defcribe  per- 
fect and  compleat :  But,  as  we  fee  it  happens 
in  all  other  natural  things,  only  nearly  fo,  and 
in  time  perpetually  changing.  For  fince  all 
the  Bodies  that  are  in  the  Univerfe,  are  conti- 
guous, and  ad  upon  one  another,  the  motion 
of  each  depends  upon  the  motion  of  all  the  refl:,, 
and  is  therefore  varied  innumerable  ways.  On 
which  account  we  find,  that  tho'  all  the  Planets 
affed:  a  Circular  Motion  .yet  none  of  them  ever 
defcribe  Circular  ones,but  always  err  fomething 
from  them,  both  in  Longitude  and  Latitude. 


1  RO- 
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Proposition  LXXII.     Lemma. 

IF  two  Bodies  re'vol^ue  about  the  fame  Axey  in  the 
fame  difiance  from  the  Axe^  and  two  other  Bodies 
Ukewife  in  any  other  diftance  ;  I  f^y^  the  ratio  of  the 
'difference  of  the  Angular  Motion  of  the  former  Bodies y- 
to  the  difference  of  the  Angular  Motion  of  the  latter^ 
ij  comfounded  of  the  ratio  of  the  tranfflation  of  the  for- 
iper  Bodies  from  one  another^  to  the  trarflaiion  of  the 
latter  Bodies  from  one  another^  and  of  the  ratio  of  the 
diftance  of  the  latter  from  the  Axe^  to  the  difiance  of 
the  former  from  the  fame. 

The   Angular  Motion  is  that   by   which  the 
Angle  is  formed  at  the  Axe  about  which  a  mo-- 
tion  is :  Hereupon  they  are  faid  to  have  the  fame^ 
or  equal  Angular  motion^  that  being  placed  att 
any  unequal  diftance  from  the  Axe^  make  equal  ■ 
Angles  at  the  Axe,  in  the  fame  or  equal  Times: 
And  the  difference  of  the  Angular  Motions  is 
the  difference  of  the  Angles  formed  at  the  Axe 
in  the  fame  Time  by  the  Bodies. 

At  the  fime  diftance  from  S  \_Fig.  5'9.];  the ' 
Axis  of  Motion,  let  there  be  two  contiguous 
Bodies  A  and  B  j  likewife  two  others  C  and  D, 
Let  them  afterwards  be  moved  any  how,  and  Se- 
parated from  one  another  ;  namely,  A  in  ^, 
and  in  the  fame  time  B  in  ^^  C  in  >,  and  D  in  A 
'Tis  evident  (  from  Trop.  53.  Elem.  6. )  that  the 
difference  of  the  Angular  Motions  of  the  two  Bo- 
dies A  and  B,  (namely  theAngle  cl  s  /?)  is  to  the 
difference  of  the  Angular  Motion  of  the  two  o- 
ther  C  and  D  fthat  is,  the  Angle  J\S  y)  as  the 
tranflanon  of  the  two  former  from  one  another, 
(or  the  wa}  5  whereby  the  one  is  transferred  from 
the  other,  namely  «t  /S, )  to  S"  y,  the  tranfla- 
tion  of  the  two  latter;  that  is,  if  the  difta'aces 
are  equal,  the  tranflations  are  as  the  differences 
of  the  Angular  Motions.  Again,  if  at  any  un- 
equal diftances  from  the  Axe  S^  the  two  conti- 
guous 
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guous  Bodies  A  and  B^  and  the  two  others  E 
and  F,  be  fo  moved  into  the  places  a^  ft^  and  g,  ®, 
that  the  differences  of  the  Angular  Motions 
{ytz,,  the  Angles  a,  s  ^^^S  <?)  be  equal  •  then  will 
(by  Prop.  53.  Elc  6.)  the  Tranflarions  a,  0^i  <p,  be 
as  the  diftances  SJ,SE.  And  therefore  f  by 
Pro;>.  2;.  £/£w.  6. )  if  neither  the  diftances  from 
the  Axis^  nor  the  differences  of  Angular  Motion 
be  equaij  the  ratio  of  the  Traniladons  will  be 
compounded  of  the  ratio  of  the  differences  of 
the  Angular  Motions,  and  of  the  ratio  of  the 
diftances  from  the  Axis :  And  therefore  (caking 
away  from  both  fides  the  ratio  of  the  diftances 
from  the  Axe^)  the  ratio  of  the  differences  of 
the  Angular  Motion  is  compounded  of  the  di- 
recl  ratio  of  the  tranflations  of  the  Bodies  from 
one  another^  and  the  reciprocal  ratio  of  the  di- 
ftances from  the  Axis  of  Motion.  ^  £.  P.  » 

Proposition    LXXIII.    L  e  m  m  a. 

IF  the  CurveDCE(Fig,6.)  h  fo  related  towards 
the  Right  line  A  'Ejf  reduced  infinitely  towards  E, 
that  a  Terpendicular  C  B_,  let  fall  from  any  point  of 
the  Curve  to  A  E^  is  reciprocally  as  the  Cuhe  of  the 
Right  line  A  B,  intercepted  between  B  and  A  a  point  ■ 
gi'uen  in  the  Right  line  E  A,  the  infinite  fpace  B  C 
E  E,  contain  d  between  the  Right  lines  C  B,  B  E, 
and  the  Cur^ve  C  E,  7i>ill  be  reciprocally  as  the  Squars 
of  the  Right  line  A  B. 

Call^j5,  X-  SC,  /:  and  becaufej  is  as — 

then  will  yt=L—:  drawn  into  a  certain  conftanc 

or  invariable  Quantity  ^  let  that  be  ^^^  that  the 
Law  of  Homogenity  may  be  obferved  :  that  is, 

y  =  —  or  y  ==^4  X"  5.   And  therefore,  the  fam 
^      x\      ^     • 
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of  all  the  ys  (or  the  Flowing  Quantity  whofe 
Fluxion  is  y^  or  its  value  a'^x—^ )  will  be 
' — ^a'^x — ^  :  That  is,  as  is  known  to  Geometers, 
the  Area  that  lies  on  one  fide  of  the  Line  B  C  y 

4 
namely  the  Area  BCEE^   is  equal  to ■ -, 

And,  becaufe  |^^  is  a  given  quantity,  the 
Area   B  C  E  E  will  be  as  ;  that  is,  reci- 

procally  as  the  Square  of  the  Right  line  A  B  : 
or  the  Area   BCEE  is  to  the  Area  bcEE^  as: 

Ah^^  to  A  B\     ^E.D. 

Proposition  LXXIV.     Lemma. 

IF  two  contiguous  Bodies  [llde  one  upon  the  other y 
and  the  fame  he  dofie  in  tvjo  other  Bodies y  frejfed 
hy  the  fame  Fo?'ce  as  the  former  towards  one  another  ^ 
I  fay  the  imfrefjion  made  by  the  frlBion  of  the  former 
upon  one  another y  is  to  the  like  impreffion  of  the  latter^ 
in  a  ratio  compounded  of  the  ratio  of  the  tranflation  of 
the  former  to  the  tranflation  of  the  lattgr^  and  of  the 
ratio  of  the  Sviperficiesy  wherein  the  former  touch  one 
another y  to  the  Superficies ^  7vherdn  the  latter  touch  one 
another  ;  namely y  wherein  the  impreffions  are  made. 

if  the  contiguous  Surfaces  wei*e  perfectly 
fmooth,  there  would  be  no  impreffion  of  the 
Bodies  upon  one  another,  while  they  Aide.  'Tis 
evident  that  this  fuppofition  is  very  natural,  that 
the  refiftance  arifing  from  the  defed  of  fmooth- 
nefs  in  the  parrs,  is  (other  things  being  alike  X 
proportional  to  the  Velocity  v/hereby  the  parts 
are  feparated  from  one  another  ^  that  is,  if  the 
contiguous  Surfaces  are  equal,  that  the  refiftance 
and  the  impreffion  of  the  Bodies  upon  one  ano- 
ther arifing  from  thence,  is  proportional  to  the 
relative  Velocity,  or  to  what  is  in  a  given  Time 
proportional  to  it,  the  tranflation  of  the  Bodies, 
But  if  the  Tranflationsfor  Velocides  wherewith 

the 
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the  parts  are  feparated  from  one  another)  are 
equal,  the  Refiftances  or  Impreffions,  areas  the 
Superficies  wherein  the  Bodies  two  by  two 
touch  one  another. 

And  therefore,  fince  neither  the  Superficies^ 
'nor  Tranflations  are  equal;  tho'  all  the  reft  are, 
(as  the  Force  preffing  the  Bodies  towards  one 
another^the  want  of  Smoothnefs,c^c.y^the  Impret» 
fions  which  the  Bodies  two  by  two  make  upon 
one  another,  are  in  a  ratio  compounded  of  the 
ratio  of  the  contiguous  Surfaces,  and  of  the 
ratio  of  the  tranflations  from  one  another* 
^  E,  D, 

Proposition   LXXV. 

IF  a  folid  Sphere  nvolves  in  an  uniform  and  In- 
finite Fluid y  ah  out  an  Axe  given  hy  pofaion^  with 
an  uniform  Motion,  and  by  the  fole  imfulfe  of  it  a 
Fluid  be  moved  circularly  y  and  each  fart  of  this  Flu- 
id ferfevere  uniformly  in  its  motion  ;  /  fay^  the  Fe- 
riodic  Times  of  the  parts  of  the  Fluidy  are  as  the 
Squares  of  the  Difiances  from  the  Center  of  th^ 
Sphere, 

Let  AEH  [_Fig.6iJ]  reprefenta  Sphere  revol- 
ving uniformly  about  the  Axis  5.  Let  the  infi- 
nite Fluid  of  the  Sphere  fpreading  about  every 
way,be  conceived  to  be  divided  into  innumera- 
ble concentric  Orbs  of  the  fame  thicknefs,every 
one  of  which  confidered  alone  is  Solid;  let 
thefe  be  exprefTed  by  the  Circles  BF  Ky  CG  L^ 
D  MNy  &c.  Becaufe  the  Fluid  thus  divided  is 
fuppofed  to  be  homogeneous;  ("that  is,  all  its 
parts  equally  comprefs'd;)the  impreffions  of  the 
contiguous  Orbs  upon  one  another  (by  the  pre- 
ced.  Lemma)  are  as  their  tranflations  from  ona 
another,  and  the  contiguous  Superficies  in 
which  the  impreffions  are  made  conjundly.  If 
the  impreffion  upon  any  Orb  is  greater  or  lefs 
on  the  Concave  part^  than  on  th«  Convex  part, 

the 
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the  ftronger  Impreflion  will  prevail,  and  either 
accelerate  or  retard  the  velocity  of  the  Orb,  ac- 
cording as  it  is  direded  towards  the  fame  way 
with  its  Motion,  or  a  contrary.  Wherefore/ince 
(  by  fuppofition  )  a  Fluid  perfeveres  uniform- 
ly in  its  motion,  the  Impreffions  made  on  both' 
parts  of  each  Orbit  towards  the  contrary  ways, 
are  equal;  and  therefore  the  ratio  which  is  equal 
to  the  ratio  of  the  Impreffions,  (namely  the  ratio 
compounded  of  the  ratio's  of  the  tranflations  and 
contiguous  Surfaces)  is  alfo  a  ratio  of  Equality. 
Confequenrly  the  Tranflations  are  reciprocally 
as  the  contiguous  Superficies ;  that  is,  recipro- 
cally as  the  Squares  of  the  diilances  from  the  , 
Center:  But  (by  Frop.  jz.)  the  differences  of 
the  Angular  Motions  are  as  the  Tranflations  di-, 
redly,  and  the  diftances  from  the  Center  of 
Motion  reciprocally  :  And  therefore  the  faid 
differences  of  the  Angular  Motions  of  thefe  con- 
centric Orbs,  are  reciprocally  as  the  Squares  of 
the  diftances  from  the  Center,  and  reciprocally 
as  the  diftances  from  the  Center  ^  that  is,  reci- 
procally as  the  Cubes  of  the  diftances  from  the 
Center  conjundly.  If,  therefore,  upon  all  the 
points  of  the  Right  line  S  Z  drawn  from  the 
Center,  where  the  contiguous  Superficies  of  the 
concentric  Orbs  cut  that  Line  ("namely,  A^Bfi^ 
D,  &c,)  perpendiculars  to  5  2  be  erected,  J.  a, 
B  hyCc^  Ddy&c.  reciprocally  proportional  to  the 
Cubes  of  SA,  SB,  S  C,  S  D,  &c,  thefe  Ordi- 
nates  will  be  refpedively  as  the  faid  differences 
of  the  Angular  Motions  of  the  refpedive  con- 
centric Orbs,  and  the  fum  of  thefe  Ordinates, 
as  the  fum  of  the  faid  differences ;  that  is,  (fmce 
the  cucmoit  or  infinitely  diftant  Orb  is  not 
moved  at  all,)  as  the  whole  Angular  Motions. 
If  now  the  thicknefs  of  thofe  Orbs  be  leften'd 
in  infnmm  (by  which  means  the  Medium  fpread 

round 
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round  about  becomes  fo  far  uniformfy  fluid  J  thei 
Surris  of  the  forefaid  Ordinates  will  become 
the  Areas  A*Z  a,  BZb,  CZc,  D  Z  d,  &c,  and 
fo  the  intire  Angular  Motions  of  the  Orfes  B  F 
Ky  CGLy  DMNy  &c,  are  as  the  Areas  B  Zh^ 
CZc,  DZdy  &c,  refpedirely.  But  in  the  Fi-* 
gureA^^a,  the  Ordinaces  B^,  CcyDdy  &c, 
are  reciprocally  as  the  Cubes  of  the  Right  lines 
SB,  SCy  S  Dy  &c.  from  Whence  fby  Trof.  73.) 
the  Areas  BZh,  C  Z  Cy  DZdy  &c,  are  reci- 
procally as  the  Squares  of  the  Right  lines  S  B^ 
SCy  S  Dy  &c.  And  therefore  the  Angular  mo- 
tions of  the  Orbs,  B  FKy  CGLy  D  MN,  &c, 
are  reciprocally  as  the  Squares  of  their  Semidi- 
ameters  S  By  S  C,  S  Dy  &c.  But  the  Periodic 
Times  are  reciprocally  proportional  to  the.An« 
gular  motions :  Therefore  the  Periodic  Times 
of  the  Orbs  BFKyCGLyDMNy  &c.  are  in 
the  dired  (becaufe  the  recij^rockl  6f  the  inverfe) 
fatio  of  the  Squares  of  their  diftarices  from  their 
Center  5 5  namely,  of  the  Right  lines  SBy  SCy 
S  Dy  &c.  And  therefore  the  Propofition  is  evi-= 
dent,  if  the  medium  of  the  Sphere  cirCumfufed 
be  fuppofed  to  confift  of  innumerable  thifi  cori^ 
centric  folid  Orbs.  But  if  there  be  fuppcfed  to 
be  dtawn  a  vaft  mimbef  of  ihfinite  Riight  lines 
making  with  the  Axis  Angles  mutually  exceed- 
ittg  one  another  by  equal  exc:ej[res,  and  thefe 
Right  lines  being  revolved  sibout  the  Axis,  and  de-- 
fcribing  Conic  Sufjerficies,  Orbs  be  imagined  cut 
into  innurrierable  Rings ;  each  of  thefe  Rings  will 
have  fbUr  others  contiguous  to  it,  one  ihternal;^ 
another  external,  and  two  lateral,  cutout  of 
the  fame  Orb.  By  reafon  of  the  attrition  of  the 
interior  and  exterior,  the  interhiediate  can't 
be  moved  any  otherwife  than  formerly,  before 
the  Orbs  were  cut :  otherwife  the  parts  of  the 
fiuid  would  not  pcrfev^re  in  their  niocion  uni-' 

M  ^         formly 
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formly ;  but  the  middle  one  v/ould  be  accelerated 
and  retarded  in  their  motion,  (as  was  fhewn  be- 
fore in  the  intire  Orbs,)  contrary  to  the  fap^ 
pofition.     And  therefore  any    feries  of  Ring? 
going  on  diredly  from  the  folid  central  Sphere 
in  infimtwn,    and  comprehended  between    the 
two  next  Conic  Superficies,  will  be  moved  af- 
ter the  fame  manner  as  tbefe  were  moved  be- 
fore the  divifion  of  the  Orbs  into  Rings ;  badng 
what  hindrance  each  Ring  in  this  Series  meets 
wich  from  the  attricion  of  the  Rings  laterally^ 
But  here  the  attrition  is  nothing  at  ail,  becaufe 
all  the  Rings  equally  diftant  from  the  middle 
folid  Sphere,  (that  is,  cut  off  fioin  the  fame  Orb) 
are  revolved  in  the  fame  Time:  For  if  it  werp. 
not  fo,  but  thofe  which  are  towards  the  Poles, 
iiniftied  their  revolution  quicker  or  flower  thaa; 
thofc  w^hich  are  towards  the  Circle  that  lies  ia.i 
the  middle  between  the  Poles ;  the  flower,  by ' 
reafon  of  the  mutual  attrition,  would  be  quick- 
ened in  their  motion,  and  the  quicker  would  be  . 
retarded,    contrary  to  the  fuppofition,    which j 
Was,  that  the  Fluid   perfevered  in  its  motion; 
uniformly.     Since  therefore  the  Periodic  Time- 
of  all  the  Rings,  at  the  fame  diflance  from  the^. 
Center,  is  the  fame,  they  will  revolve  after  thct: 
dime  manner  as  they  w^ould  do,  were  they  nott 
as  yet  cut  ofr  from  the  folid  Orb ;  that  is  with- 
out any  attrition  :  And  therefore  the  fame  Lawv 
holds  in  this  cafe  alfo  of  Orbs  cut  into  Rings, 
as  held  before  any  divifion  into  Orbs ,  that  is, 
the  Periodic  Times  of  each  of  the  Rings  will  be- 
as  the  Squares  of  their  diftances  from  the  Cen- 
ter of  the  middle  folid  Sphere. 

;  Let  each  Ring  be  divided  by  tranfverfe  Sedi- 
ohs,  into  innumerable  Particles  conftituting  a 
Fluid  abfolutely  and  uniformly  fuch  :  And  be- 
caufe thefe  Sei^tions  have  no  reference  to  the 

Law 
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Law  of  Circular  Motion,  but  conduce  only  to 
the  conftitution  of  a  Fluid;  tlie  circular  Motion 
will  perfevere  as  before.  By  thefe  diviiions  all 
the  infinitely  fmall  rings  will  either  not  change 
the  Afperity  and  Force  of  mutual  Attrition  at 
allj  or  will  change  them  equally:  and  the  pro^ 
portion  of  the  Caufes  continuing  the  fame^  the 
proportion  of  theEfFeds  will  likewile  remain  th# 
fame;  that  is,  the  proportion  of  the  Motions  and 
Periodic  Times  as  before*  And  therefore  the  Pe- 
riodic Times  of  each  of  the  pairs,  in  the  above- 
defcrib'd  Vortex^  will  be  as  the  Squares  of  the 
Diftances  from  the  Center  of  theVortex.  ^E.Di 

If  the  refiftaticebf  the  Pans  of  the  Vorce:^  be 
greater  in  a  greatec  diftance  from  the  Center 
than  in  a  le%  either  on  the  account  of  the 
greater  thicknefi  or  lefs  fluidity  of  the  Particles 
which  compofe  the  Fluid,  or  on  the  account  of 
any  other  Caufe  •  then  the  more  remote  parts 
of  a  Vortex  will  move  flower  than  in  the  ratio 
fettled  above  in  the  Propofition  :  that  is,  th6 
Periodic  Time  of  the  parts  of  the  Vortex  more 
remote  from  the  Center,  will  be  to  the  Periodic 
Time  of  the  parts  nearer  the  Center,  in  a  greater 
than  in  the  duplicate  ratio  of  the  Diftances  of 
thefe  Particles  from  the  Center. 

COROLLAR  T  %. 

If  the  Vortex  be  not  extended  m  mfi^ltum^ 
but  the  Fluid  moved  after  the  manner  of  a  Vor- 
tex, be  contained  in  a  rigid  VeiTel  held  by  force^j 
of  a  different  Figure  from  a  fpherical  one  con- 
centric to  the  central  Globe ;  the  Particles  of 
the  Vortex  will  be  moved,  not  in  Peripherics  of 
Circles  concentric  with  the  central  Globe,  but 
in  Lines  almoft  conformed  to  the  Figure  of  the 
yelTels  j  and  the  Periodic  Times  will  be  as  the 
Squares  of  the  Mean  Diftances  from  the  Centef 
nxy  nearly,  M  ^  Pro* 
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Proposition   LXXVI. 

TO  point  out  and  refute^  in  few  ivords,  the  l^r^ 
rors  committed  in  the  above-defcrihed  Carte*' 
fian  Phy/ics, 

1.  Since  from  the  preceding  Vrop.  'tis  evident,^ 
that  every  Vortex  made  by  a  folid  Sphere,  re- 
volved uniformly  about  an  Axis  given  by  Pofi- 
tion,    will  be  propagated  in  infinitum^  if  not' 
hindred  ;  if  the  World  was  made  up  of  fuch 
kind  of  Vortices,  (as  it  is  according  to  Cartes*s 
Syftem  J  there  would  be  as  many  Vortices  going ; 
forwards  in  infinitum^  as  there  are  Fix'd  Stars,, 
every  one  of  which,  (according  to  Cartes)  like  ■ 
our  Sun,  makes  a  Vortex.      Nor  would  thefc : 
Vortices  be   bounded  by  certain    limits,    but 
creep  on,  and  by  little  and  little  run  into  one ; 
another.    And,  by  this  means,  each  part  of  the ; 
infinite  Fluid  making  up  the  Univerfe,  would ' 
be  agitated  by  that  Motion  which  refults  from  i 
the  adions  of  all  the  Central  Spheres  or  Suns* 
But  how  foreign  this  uncertainty  is,  from  that  • 
certain  Order,  Situation,  and  Motion  of  the: 
Fixed  Stars,  which  are  firmly  conneded  by  a  ^ 
very  fimple  Calculus,  let  fuch  as  are  acquainted ' 
with  Aftronomy  judge. 

2.  Further,  becaufe  the  parts  of  the  Vortex^ , 
generated  in  the  manner  aboVe-defcribed,  that 
are  nearer  the  Center,  being(by  the  preced.Prc/>.) 
moved  quicker,  urges  the  exterior,  and  con- 
ftaiitly  communicate  Morion  to  them  by  that 
a(5tioh  I  and  thefe  exterior  Particles  transfer  at 
the  fame  time  the  fame  quantity  of  Motion  into 
others  th^t  are  ftill  more  exterigr ;  becaufe  (by 
Hypothefis)  it  is  a  condition  of  the  Vortex,  that 
each  part  of  the  Fluid  perfevere  in  its  motion 
uniformly,  and  is  not  incited,  fometimes  mofe, 
fometimes  lefs,  in  the  fame  diftance  from  the 

Center: 
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Genter :  'tis  evident  that  Motion  is  perpetually 
transferred  from  the  Center  to  the  Circumfe- 
rence of  the  Vortex,  and  ahforbed  by  the  infi- 
nity of  the  Circumference.  And  therefore  to 
the  confervation  of  a  Vortex  in  the  fame  ftate, 
there  is  required  fome  a<ftive  Principle,  from 
which  the  Central  Sphere  (or  Sun  of  that  Vor- 
tex) may  always  receive  the  fame  quantity  of 
Motion,  asit  impreffes  on  the  matter  of  the 
Vortex.  But  from  whence  the  Cartefians  can 
get  fuch  an  adive  Principle  refiding  in  each 
Sun  that  moves  the  whole  Vortex,  I  cannot  fee; 
fmc^  Curtes  himfelf,  in  P^r^^.  146.  third  Part 
Trine.  VhiL  boldly  fays.  There  is  nothing  to  he  met 
with  in  the  Fhanomena  of  the  Vianet  Sy  that  cant  he 
accounted  for  from  what  has  been  already  [aid.  The 
penetrating  Kefkr  faw  well  enough  the  neceflity 
of  fuch  an  adive  Principle  in  the  central  Spheres 
of  the  Vortices  :  And  therefore  left  the  Motion 
Jhould  languijij  by  degrees,  which  Creating  Om- 
nipotence imprefled  upon  them  in  the  begin- 
ning of  Things,  he  would  have  it  maintained 
Either  by  the  perpetual  care  of  the  Creator ,  or  by  the 
fijfiftance  of  a  Spirit  deftind  to  that  imployment. 

For  without  fuch  an  adive  Principle,  the 
central  Spheres  and  the  interior  parts  of  the 
Vortiges,  always  propagating  their  Motion  into 
the  exterior,  and  receiving  no  new  Motion, 
mull  neceflarily  move  flower  by  degrees,  and 
ccafe  to  move  circularly.  And  confequently 
this  World  of  Des  Cartes,  without  fuch  an  adive 
im mechanical  Principle  natitrally  tends  towards 
rpft  and  its  diffolution. 

.  ;.  Des  Cartes  ^nd  the  C^rff//^»/ acknowledge, 
that  the  Bodies  which  are  carried  in  this  Vortex 
and  return  again,  are  of  the  fame  denfity  with 
the  parts  of  the  Vortex,  where  they  are  placed, 
and  move  by  the  fame  Law  with  them,  as  to 
M  :  th« 


l66        T/?^  Elements       Book  I." 

the  Velocity  and  determination- of  the  courfe: 
the  deferent  Fluid,  and  that  Body  that  is  carried 
by  it,  differ  only  in  this,  that  the  parts  of  th? 
Bodies  thus  carried  by  the  Vortex,  keep  the  fame 
i^tuation  in  regard  of  one  another;  and  that  they 
are  as  it  were  congealed  and  folid  parts  of  th9 
Vortex,  and  can  t  be  mingled  together  by  aiji 
intefline  Motion,  as  the  fluid  parts  of  it  are  j 
being,  in  other  refpccSls,  intirely  equal.  Since 
therefore  the  parts  of  the  Vortex  (by  the  precede 
Trop,)  revolve  by  this  Law,  that  their  Periodic  ' 
Times  are  in  the  duplicate  ratio  of  their  di- ; 
ftances  from  the  Center,  the  Planers  alfqil 
carried  about  the  Sun,  and  at  relative  reft  in  i 
the  fluid  Matter  of  the  Vortex,  in  which  they 
fvvim,  will  revolve  by  the  fame  Law.  Since 
therefore  the  Earth,  for  inftance,  com  pleats  it$ 
Period  in  a  Year,  the  Period  of  Saturn,  whofe 
diftance  is  9-  times  the  diftance  of  the  Earth, , 
would  be  90  Years,  when  it  is  not  quite  5^  1 
Years :  After  the  like  manner  the  Period  of 
Saturn  would  be  27  Years,  whereas  it  is  net  12 ; 
And  all  the  fuperior  Planets  would  have  Periods 
greater  than  the  truth;  and  the  inferior  lefs, 
If  the  Patrons  of  Vortices  anfwer,  that  the  : 
Vortices  are  not  uniformly  fluid,  (as  vs^as  fuppo* 
fed  in  the  preceding  Trepcfition,)  but  the  parts 
conftituting  them^  in  the  recefs  from  the  Centeij 
are  groiTer,  as  Carf  e'l'f^ys  in  F^rag,  Sz.  Van  ;  \ 
then  (by  Corol.  i.Vrcp.  preced.)'the  more  remote 
Planets  from  the  Sun  are  ftill  flower,  whereas 
they  are  too  flow  already,  (according  to  this  Sy-r 
item;)  and  it  is  evident  from  this  conftitutioa 
of  the  Vortices,  according  to  Cartes^  there  will 
be  a  greater  diftance  from  Obfervation,  than  i{ 
the  Vortices  were  made  up  of  an  uniform  fluid. 
Since  therefore  it  has  been  demonftrated,  thai 
the  parts  of  the  Vortex  revolve  by  a  very  difl^e- 

renir 
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rent  Law  from  that  which  is  obferved  in  the 
Planets;  namely,  that  the  Periodic  Times  of  the 
parts  of  the-  Vortex  are  as  the  Squares  of  the 
diftance  from  the  Center,  if  the  matter  of  the 
Vortex  be  homogeneal ;  or  as  fome  higher  Power 
of  the  Diftances,  if  the  matter  of  the  Vortices 
be  grofler  at  a  greater  diftance ;  whereas  in 
the  mean  while  (  by  Prop,  22.)  in  the  Planets, 
Ithe  Squares  of  the  Periodic  Tim»es  are  as  the 
Cubes  of  the  Diftances  ;  (that  is,  the  Periodic 
Times  of  the  Planets  are  as  thofe  Powers  of  the 
Diftances^  whofe  Exponents  are  -f-,  which  are 
much  lower  than  thole  whofe  Exponents  are  2, 
or  a  number  greater  than  two;)  'tis  evident 
therefore,  that  the  Planets  are  not  carried  by 
any  fuch  corporeal  Vortices. 

4.  If  the  Vortex  were  extended  in  infinitum,^ 
his  evident  (  from  the  preced.  Trof,)  that  each 
part  of  the  Fluid  ought  to  defcribe  a  perfe<St 
Circle,  and  (by  Ccro/.  2.)  that  the  aberration 
from  a  circular  Path  proceeded  from  the  rigid 
VeiTel  (or  what  is  equivalent  to  it,)  in  v/hich 
tTie  Matter  of  the  Vortex  is  contained.  From 
whence  it  evidently  follows,  that  the  greater 
the  Vortex  is  in  refped  of  the  Path  defcribed 
by  its  fluid  part,  (or  by  the  Planet  carried  toge- 
ther with  it,}  the  more  ought  the  Path  of  the 
Planet  to  come  up  to  a  perfed  Circle ;  that  is, 
the  excentricity  of  a  Planet  nearer  to  the  Sun 
will  be  lefs  than  that  of  one  more  diftant  from 
the  Sun  ;  whereas  Aftronomical  Obfervations 
teftify  and  affure  us,  that  the  Orbit  of  Mercury 
is  much  more  excentric  than  that  of  Saturn* 
Again,  becaufe  (  by  Corol  2,  preceding  Trof,) 
the  Particles  of  the  Vortex,  and  the  Planets 
carried  along  with  them,  will  be  moved  in  lines 
almoft  conformed  to  the  figure  of  the  Veffel,  in 
which  the  fluid  is  contain  d,  the  Aphelia  of  all 
M  4  the 
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the  Planets  viewed  from  the  Sun  will  be  ppfited 
towards  the  fame  Fixed  Stars ;   whereas  the  A- 
phelia  of  the  Planets  are  at  a  great  diftance  from 
one  another,  as  Jupiter's  and  the  Earth's,  by  a 
quarter  of  a  Circle;  Mars's  and  the  Earth's,  by 
2L  third  part  of  a  Circle;    thofe  of  M^rs  and 
Venus  are  almoft  oppofite.    Befides,  the  mattea 
of  the  Vortex  fUke  a  River)  being  within  nar- 
rower bounds,   ( by  the  Laws  of  Mechanics) 
ought  to  move  quicker  than  when  it  moves 
freely  in  a  broader  Channel ;  and  that  in  the; 
reciprocal  ratio  of  the  breadths  of  the  Channels, 
or  what  is  equivalent  to  them  :    But  in  the  be- 
ginning of  n^,  the  diftance  between  the  Orbs 
of  Mars  and  Venus  is  to  their  diftance  in  the 
oppofite  Point,  (namely  in  the  beginning  of  K) 
almoft  as  ;  to  2  ,•  and  txherefore  the  intermediate- 
fluid  of  the  Vortex,  that  carries  the  Earth  along 
with  it,  will  be  carried  fwifter  in  the  fame  ratio 
in  the  beginning  of  X  than  in  the  beginning 
of  VZ  ;  becaufe  contain  d  within  narrower  li- 
mits ;  (for  the  paths  of  the  Fluid,  which  carries 
Mars  and  Venus,  ferve  inftead  of  boundaries  or 
a  Channel ;  )  that  is,   the  Earth  feen  from  the 
Sun  in  the  beginning  of  X,  will  be  carried 
half  as  fwift  again  ^s  when  it  is  feen  from  the 
Sun  in  the  beginning  of  n?,  or  the  Sun  feen 
from  the  Earth  in  the  beginning  of  nt,  will 
feem  to  move  half  as  fwift  again  among  the 
Fix'd  Stars,  as  in  the 'beginning  of  X  :  But  juft 
the  contrary  happens  by  the  Obfervations  of  all 
Aftronpmers ;  arid  the  Sun  feen  in  the  begin*, 
hingof^  from  the  Earth,  feems  to  move  ict 
its  diurnal  Motion  only  y8  Minutes,  whereas 
in  the   beginning  of  K  it  feems  1 6  move  a 
whole  Degree  in  the  fame  tirne.  '   ' 

f.  A  Body  carried  by  a  Vortex,  and  of  the 
fame  derillty'  with  the  parts  of  the  Vortex  m 

■' '    ''     ■■■■■•■■■    vvBicK 
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which  it  is,  in  its  return  round,  if  it  be  not  o- 
therwife  hindered,  defcribes  a  Circle ;  to  whofe 
Plane  the  Axis  of  .the  central  Sphere^  whereby 
the  Fluid  is  turned  abput  in  the  form  of  a  Vortex, 
is  perpendicular  :  and  if  the  Path  of  the  Body 
be  inclined  to  this  Plane,  that  inclination  will 
be  conti;iually  leffen'd,  and  they  at  laft  will 
coincide.    For  it  is  evident  from  the  demon- 
ilration  of  the  preced.  Prof,  that  each  part  of 
the  Fluid  compofing  the  Vortex,  de&iihes  fl:ch 
a  Circle  ,•  wherefore  even  the  Planet,  which  is 
carried  only  by  thefe  Parti cleis  being  relatively 
at  reft  between  tfeem,  will  alfo  defcribe  fuch 
an  ope ;  and  if  by  any  external  Force  imt>-  '^  ' 
it  defleft  a  little  from  hence,   theincJij*        . 
will  be  leflened  by  degrees  by  the  encouncv^r  of 
the  Particles  of  the  Fluid  dcfcribing  the  above- 
jmentioned  Circles,  and  the  Planet  ic  felf  will 
^efcribe  fuch  a  Circle,  being  thus  ac  laft  rela-» 
tively  at  reft  in  the  fluid  of  the  Vortex,  and  car- 
ried about  together  with  it.     But  there  is  not 
one  Planet  to  be  found  having  the  Axis  of  the 
Sun  perpendicular  to  the  Plane  of  the  Orbit ; 
nor  during  thefe  two  thoufand  Years,  wherein 
Qbfervations  have  been  made,  has  the  Inclina- 
tion of  the  Orbit  of  any  Planet  to  that  Plane 
been  found  leflened  j  nor  are  there  any  fibres  of 
Latitude  affigned  by  thefe  Philofophers  in  the 
Planets,  for  the  preferving  the  fame  Inclination, 
But  the  Apology  that  Cartes  brings  for  the  va- 
rious excentricity  of  the  Planets,  and  the  vari- 
ous inclination  of  the  Orbits  to  one  another, 
and  the  various  fituation  of  the  Aphelias,  which 
is,  in  Farag.  34,  Tart  3.  Frlncip,    fnamely  this: 
Bnt    as   we    Jee    it    happens   in    all   other  natural 
*  things y    that  they  are  077 ly  nearly  foy    and  in  fuc^ 
ceeding    ^ges    are    continually    changed,  )     fhews 
plainly  that  he  was  unacquainted  with  the  CgU 

dilatory 
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culatory  part  of  Aftronomy.  For  tho*  it  can't 
be  denied  that  Phyfical  Caufes  have  a  place  in 
the  motion  of  the  Stars»  yet  no  Perfon  ufed  to 
thefe  matters  will  judge  that  fuch  cafual  and  al- 
moft  irregular  inequalities,  (fuch  as  Cartes  feems 
to  infinuate,)  are  to  be  admitted  in  the  motions 
of  the  Stars;  but  will  rather  fay,  with  that  mofl! 
acute  and  beft  fitted  for  Aftronomical  Specula- 
tions Jer.  HorroXy  who  laboured  to  defend  th^ 
contrary  Opinion,  TVe  may  juftly  ivonder  at  fome . 
Slifigers  or  Enginiersy  that  can  throiv  Bodies  out  of 
Slings  or  Cannons  ivith  fuch  incredible  certainty  af 
mm.  But  if  we  fee  fo  great  exaBnefs  in  thofe  mO'^ 
mentaneous  things y  that  are  moved  thro*  the  thick  uf^^ 
fettled  Air ;  fijall  we  not  ex^eB  a  much  greater  in 
thofe  perpetual  Bodies  as  are  revolved  in  a  quiet  and 
fure  (*y£ther  by  an  eternal  Lawi 

6.  Since  the  Globules  compofing  the  fluid  of 
the  Solar  Vortex  are  lelTer  near  the  Sun,  and 
confequently  their  Mafs,  contained  in  a  giveri 
Space  and  filling  it,  is  lefs  denfe  than  in  j4 
greater  diftance  from  the  Sun  ;  it  follows,  that 
even  the  Planets  which  are  of  the  fame  denfity 
with  the  particles  of  the  Vortex,  in  which  they 
fwim,  are  lefs  folid  the  nearer  they  are  to  the 
Sun  ;  which  Cartes  alfo  acknowledges  in  Parag* 
147.  T^^rt  ^.ofTrincip.  But  the  contrary  to  this 
we  fiiall  demonftrate  in  its  proper  place  here- 
after 'y  namely  that  each  Planet,  the  nearer  it  is 
to  the  Sun3  the  folider  or  more  denfe  it  is ;  that 
is,  it  contains  more  Matter  under  an  equal  bulk. 
Which  alfo  agrees  much  better  with  the  Archi- 
typical  Ratio's,  Geometrical  Concinnities,  and 
Final  Caufes  :  From  the  confideracion^  of 
which,  'tis  evident,  that  the  Divine  Being 
has  placed  the  Planets  at  different  diiiances 
from  the  Stm,  fo  that  each,  according  to  its 
degre.e  of  denfity,  may  enjoy  a  greater  or  lefs 

degree 
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degree  of  Heac ;  and  confequently  the  more 
denfe  Planet  is  nearer  the  Sun,  fince  all  more 
denfe  fort  of  Matter  require  a  greater  lieac  for 
the  performance  of  natural  Operations.  And 
tho'  the  ratio  of  the  denfity  of  the  Planet  be 
not  the  fame  with  what  Kefler  makes  it^  name- 
ly the  reciprocal  of  the  Ropts.oi  the  diftances 
from  the  Sun ;  but  the  reciprocal  of  the  diftances 
from  the  Sun  drawn  into  the  roots  of  the  appar- 
ent diflances :  Yet  here  ( wtere  be  was  moft  of 
all  miftaken,)  Kepler  came  at  this  general  Propo- 
fition,  by  his  Architypical  ratio's^  that  the  den- 
fer  Planets  are  nearer  the  Sun  ;  whereas  Cartesy 
who  v/as  hnce  him,  from  a  neglect,  (or  rather 
contempt)  of  the  Architypical  ratio's  and  final 
Caufes,  cherifhed  opinions  entirely  contrary  to 
thefe  Final  Caufes,  and  true  Phyfics  or  Mecha- 
nics^  (v^hich  generally  lead  us  to  the  fame  things) 
^nd  amongft  others,  this  opinion,  that  the  fo- 
lidity  of  the  Planets  near  the  Sun,  is  lefs  than 
that  of  thofe  farther  off. 

7.  Tjcho  formerly,  from  the  motion  of  the 
Comets,  demonftrated,  that  the  Planets  were 
not  moved  in  folid  Orbs ;  becaufe  the  Comets 
paired  thro'  them.  The  fame  Comets  do  now 
with  equal  evidence  (hew,  that  the  Planets  are 
not  carried  by  corporeal  Vortices;  feeing  the 
Comets  move  in  Paths  very  oblique,  and  fome- 
times  cutting  the  Plane  of  the  Zodiac  at  Right 
Angles,  and  fometimes  directly  contrary  to  the 
courfe  of  the  Planets,  and  they  prcferve  thefe 
motions  v\^ith  the  greateft  freedom  and  length 
of  time,  being  fubjed:  to  fhis  univerfal  Law, 
that  by  a  radius  drawn  to  the  Sun,  they  defcribe 
Areas  proportional  to  the  Times ;  which  would 
be  altogether  impoflible,  if  the  intire  matter  of 
the  Vortex  v/ere  carried  about  the  Sun  with  a 
force  jQifficient  to   cany  along  with  them  the 

^aft 
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vaft  Bodies  of  the  Planets.  Nor  does  it  help 
Cartes  at  all,  that  he  has  banifhed  the  Comets 
beyond  Saturn,  contrary  to  the  credit  of  all 
Obfervations,  (which  Tycho  and  the  Aftrono- 
mers  never  forced  to  ferve  their  Hypothefes, 
as  Cartes  would  infinuate  ; )  fince  the  matter  of 
the  Solar  Vortex  beyond  Saturn  (according  to 
himfelf  J  has  a  greater  moment  to  carry  theni^ 
along  with  it,  than  near  Venus  and  Mercury; 
both  becaufe  the  Globules  compofing  the  Vor- 
tex are  greater  there  than  here ;  and  e(pecially 
becaufe  they  are  moved  much  fwifter,  fmce 
they  run  a  Circle  immenfly  greater  within  a  few , 
Weeks y  as  Co.rtes  has  it,  Varag,  62.  Van  ;.  VrinJ 
From  ail  together,  and  each  of  thefe  in  particu^^ 
lar  'tis  evident,  that  this  Hypothecs  of  Vortices 
is  entirely  difagreeable  with  the  Phaenomena 
of  Aftronomy,  and  conduces  not  fo  much  to 
the  explaining  as  the  difordering  of  the  Celeftial 
Motions* 

Proposition  LXXVII. 

TO  enumerate  and  explciin  the  Caufes  of  the  Ce- 
kfiial  Motions  brought  by  Mr,  Leibnitz. 
'Tis  fo  natural  in  enquiring  after  the  Caufes 
of  the  Celeftial  Motions,  to  fee k  them  in  the 
ambient  fluid  ^ther,  that  the  Philofophers  have 
looked  upon  the  Planets  to  be  carried  about  the 
Sun,  after  the  fame  manner  as  fo  many  Straws 
fwimming  in  Water,  are  carried  about  by  the 
Water  put  into  the  motion  of  a  Vortex,  by  a'Stick 
whirled  about  its  Axis  in  the  middle  of  a  Veffel 
at  reft.  This  ancient  opinion  lay  negleded 
for  a  long  time :  But  in  the  la  ft  Age  was  revi- 
ved by  fome  great  Men  ^  for  before  Cartes,  (of 
whom  above,)  it  was  approved  of  by  TorriceUius 
and  GalliUo;  for  the  reafons  without  doubt, 
fummarily  propofed  about  the  beginning  of 
Ti^.  71. 

This 
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This  opinion  pleas'd  fo  well,  that  that  moft 
acute  Philofopher  Mr.  Leihitz,  (even  after  the 
publication  of  Neii^tons  Mathewat.Frincip,ofNaf* 
Thilof,)  adopts  it ;  and  judges  that  there  remains 
vow  no  more^  than  to  Jhew  hoi2>  the  Caufes  oftheCe- 
leftial  Motions  arife  front  the  motions  of  the  t^thef^ 
or  (fpeaking  Jftronomically)  from  deferent  Orhsy  biit 
then  fuch  as  are  not  foil d,  hut  flmd,  A  name  (o 
celebrated  stmong  Geometricians  certainly  de-^ 
ferves^  to  have  his  Ejfaj  upon  the  Caufes  of  the  Cele- 
ftial  Motiojts  (which  he  communicated  to  the 
Learned  World  in  the  ABs  of  the  Learned,  Pub- 
lifted  at  Lifjic  in  February  1689.)  exadly  con- 
sidered. 

For  Mr.  Leibnitz  (if  any  Mail)  is  able  to  ac^ 
commodate  Vortices  to  the  Celeftial  Motions, 
and  affign  rea fans  for  the  Laws  of  the  Heaijenly  Bo^ 
dies  difco'verid  by  Kepler.  Efpecially  fince  he  has 
attained fomi  peculiar  Light  in  that  matter ,  and  the 
enquiry  he  made,  feemed  to  himfelf,  V/ho  is  fo 
penetrating  a  Perfon,  to  fucceed  very  well  and 
agreeable  to  Nature^  fo  that  hereupon  he  had  good 
hopes ^  of  having  arrived  at  the  true  Caufes  ofthefe 
Motions.  We  will  therefore  lay  down  the  Me« 
thod  this  Philofopher  ufes  in  explaining  thefe 
great  Works  of  Nature,  in  as  few  Words  as  pof- 
fible,  and,  as  near  as  we  can,  in  his  own. 

Firft,  Leibnitz  t^kQs  for  granted,  that  all  Bodies 
which  in  a  fluid  defcribe  a  Curve  line,  f  and  con- 
fequently  that  the  Planets  themfelves^)  are  a(5ted 
upon  by  the  motion  of  the  Fluid  itfelf.  For  ali 
Bodies  defcribing  a  Curve,  endeavour  to  recede 
from  it  along  a  Right  lii>€,  which  is  a  Tangent, 
(from  the  nature  of  Motion  ^)  there  muft  there- 
fore be  fomething  that  keeps  them  in.  But 
theri  is  nothing  contiguous  except  the  Fluid, 
(  by  fuppofition,  )  and  no  endeavour  to  move 
thus  can  be  reftrained    but  by  a  contiguous 

Body 
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Body  Hkewife  in  Motion,  (  from  the  nature  of 
Matcer  ,• }  the  fluid  iifelf  therefore  muft  necelTa* 
riiy  be  in  Motion. 

Since  from  the  moft  exacfl  Obfervations  thac 
have  been  m?Ae,  every  Planet  defcribes  an  Or* 
bit  about  the  Sun,  according  to  this  Lav/,  thaf 
by  radii  drawn   from  the  Sun  to  the  Planet^ 
Areas  are  always  cut  off  proportional  to  the 
Times;  'tis  reafcnable  enough  that  the  ^Ether^ 
or  Fluid  Orb  of  each  Planet  fliould  move  abouc 
the  Sun  after  fuch  a  manner  as  may  agree  with 
the  faid  Law  of  Motion.      And  this  will  be 
done^,    if    each  of  the   innumerable   circular 
concentric   Orbs  of    fmalkil   thicknefs,    inta: 
which  the  fluid. Orb  of  the  Planet  is  divided  by 
the  Mind,  have  its  proper  Circulation^  fo  much 
the  fwifter  in  proportion,  as  each  of  them  is, 
nearer  to  the  Sun  ;  that  is,  if  the  Velocities  of. 
circulating,  in  the  parts  of  the  fluid,  are  re*. 
ciprocally  proportional  to  the  radii  or  diftances 
from  the  Sun.     By  which  means  it  will  happen^^j 
that  whether  the  Planet  be  more  or  lefs  diftant 
from  the  Sun,  thQ  Sectors  thac  are  defcribed  in . 
equal  Times  by  the  Radius,  are  equal.     For  the 
faid  Sectors  are  in  a  ratio  compounded  of  the' 
dired  ratio  of  the  radii  or  difliances  from  the 
Sun,  and  of  the  reciprocal  of  the  Arcs  or  Cir- 
culations, and  therefore  (from  the  nature  of  the 
Circulation)  in  the  ratio  of  equality*    The  Cir- 
culation above  defcrib'd  (where  the  Velocities  of 
Circulating  are  reciprocally  proportional  to  the 
diftances  from  the  Center  j  he  calls  Harmonky  be«^ 
caufe  fuppofing  the  Difl:ances  from  the  Center ' 
to  increafe  equably  or  /Arithmetically,  the  Cir- 
culations decreafe  in  an  Harmonic  Progreffion  ^ 
being  reciprocally  proportional  to  the  Quan- 
tites  thac    are  in   an  Arithmetic   Progreffion, 
which  is  the  known  property  of  Harmonic  Pro- 
portionals, This 
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This  Great  Man  therefore  fuppofes  the  Pla- 
net to  be  moved  by  a  double  Motion^  or  one 
compounded  of  the  Harmonic  Ch-culation  of 
its  deferent  fluid  Orb,  and  of  a  Varacentrk  ac* 
cefs  to  and  recefs  from  the  Sun.  The  Circula- 
tion of  the  iEther  therefore  makes  the  Planet 
circulate  Harmonically,  not  by  any  Motion  of 
its  own,  but  as  it  v/ere  by  a  perfectly  quiet 
fwimming  in  a  deferent  fluid,  vvhofe  Motion 
it  obeys.  Confequentiy  neither  retains  an  im- 
petus of  circulating  fwifrer,  than  it  had  in  an 
inferior  or  nearer  Orb,  but  one  that  languiOies 
and  leffens,  as  it  paffes  through  the  fuperior  f  re- 
filling a  greater  Velocity  than  their  ownj  till 
at  laft  it  infenfibly  accomodates  itfelf  to  the 
Orb  it  approaclies;  and  on  the  contrary,  while 
jit  moves  from  the  fuperior  to  the  inferior  Orbs, 
it  receives  their  Impetus.  Confequentiy  the 
iHarmonic  Proportion  holds  not  only  in  Arcs  of 
iCircles,  but  in  defcribing  any  other  Curve. 

For  the  Area  defcribed  in  an  Element  of 
Time^  cut  off.  by  radii  drawn  from  the  Sun  to 
the  Planet,  moved  in  any  other  Curve,  doth 
not  comparably  differ  from  the  Sedor  of  a 
iCircle,  vvhofe  Angle  at  the  Center  is  the  fame^ 
and  radius  any  one  of  the  preceding. 

The  other  Motion  compounding  with  the 
former,  the  intire  Motion  of  the  Planet  f  name- 
ly the  Paracentric,)  arifes  from  a  double  Curve, 
namely,  the  excujforj  imfrej/ion  of  Circulation  and 
the  Suns  attraBmt  (ov  what  is  equivalent)  com- 
ppunded  together.  For  fince  every  Body  en- 
deavours to  recede  from  the  Curve  line,  it  de- 
fcribes,  along  a  Tangent,  by  this  Motion  alone, 
the  Planet  carried  by  the  Vortex  circulating 
TIarmonically,  will  recede  from  the  Sun.  And 
thefe  Centrifugal  Forces  are  fliewn  by  the  Au- 
thor, to  be  reciprocally  as  ^hs  Cubes  of  the 
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radii.  The  other  component  part  of  the  Para- ' 
centric  Motion  is  the  Sun's  Attraction,  or  what 
fupplies  the  place  of  it,  the  Planets  Gravity : 
And  tho'  he  call  this  Force  Attradrion,  he  doe^ 
nocqueflion  but  it  is  derived  from  the  impulfe  of 
the  ambient  Fluid,  like  the  adtions  of  the  Mag- 
lien 

Becaufe  it  is  certain  by  Obfervation,  that 
each  primary  Planet  defcribes  an  Elliptic  Orbit,-, 
in  one  of  whofe  Foci  is  the  Sun,  fo  as  that  by  / 
radii  drawn  from  the  Sun  to  the  Planet  Areas  =. 
are  always  cut  off  proportional  to  the  Times  • , 
and  there  is  no  Law  of  Circulation  in  a  Vor- 
tex that  anfwers  this  condition,  but  the  Har^ 
monic :  It  remains  that  a  Law  of  Gravity  be^ : 
fought  after,  that  join'd  with  the  Centrifugal  i 
conatus  of  the  Body  circulating  Harmonically, , 
may  compofe  a  paracentric  Motion,  which  ill  i 
conjundion  v/ith    an    harmonic  Circulation! 
makes  the  Body  to  move  in  the  Perimeter  of  an: : 
Ellipfe,  which  (after  the  premifing  of  a  Lemma  1 
(hewing  the  ratio  of  a  Circulation  in  a  Conic  : 
Sedion  to  the  paracentric  Velocity)  he  defines^ , 
by  demonftrating  the  following  Theorem :    if 
a  hea'uj  Body  he  carried  in  an  Elliffe  (or  any  ether 
Seciion  of  a  Cone)   with  an  harmonic  Cirtulation^ 
afid  the  Center  both  of  AttraBion  and.  Circulation  be 
in  the  Focus  of  the  Ellipfe  ^  the  AtttaBions  or  Sollici" 
tations  of  Gratuity  n>ili  be  as  the  Squafes  of  the  Cir- 
culations direBlyy   or  as  the  Squares  of  the  radii  or 
difiances  from  the  Focus  reciprocally. 

He  has  found  therefore  that  there  is  fuch  a 
thing  as  Gravity  in  the  Planets,  tending  to  the 
Center  of  the  Sun,  the  Law  of  Which  is,  that 
it  is  reciprocally  proportional  to  the  Squares  of 
their  diftances  from  the  Center.  And  he  farthet 
acknowledges  that  this  Law  wa^  known  before' 
to  Mr.  Newton  ,*  his  Principles  of  fhikfofhy  being 
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publifned  before  that  time,  and  an  account  of 
them  given  in  thofe  Leiffic  Ads. 

After  having  annexed  feme  Corollaries  na-^ 
rurally  flowing  from  his  chief  Theorem,  he  q\q^ 
fes  his  PhyfiGO-Ailronomical  Ejfay^  with  a  con-^ 
^effion  that  there  remained  two  things  to  b© 
ione  on  this  Argument :  The  one  is  to  explain 
'A'hat  motion  of  the  ^ther  it  is,  that  makes  the 
.^Janets  heavy,  or  impels  them  towards  the  Sud^ 
ind  thac  reciprocally  as  the  fquares  of  the  I^'i^ 
knees,  or  (as  he  expreffes  itj  as  the  fquares  of 
he  Vicinities :  The  other  is,  what  is  the  eaufs 
:)f  the  comparifon  of  the  Motions  between 
;he  different  Planets  of  the  fame  Syftem,  that 
he  Periodic  Times  jfhould  be  in  the  fefqui^ 
^ter  ratio  of  the  mean  Diftances.  And  fines 
•according  to  the  Author)  they  both  ought  to 
jlepehd  upon  the  contiguous  Bodies,  all  which 
tie  calls  by  the  name  of  the  i^ther,  thefe  two 
bnd  to  explain  more  diftindly  the  motion  of 
he  Vortex  or  i^ther  that  conftitutes  each  Sy- 
stem. But  thefe  things  requiring  a  deeper 
.earch,  ,  and  therefore  not  to  be  contain  d  in 
b  fmall  a  compafs  as  a  Sheet,  he  fays,  'tis  mor@ 
)roper  for  him  to  publifli  his  Thou^ts  upon 
hat  Matter  feparately. 

Proposition   LXXVIil. 

TO  foint  at  fuch  Things  as  are  not  agreeahte  fo 
Natural  Vhllofofhyy  in  the  aho-ve  recited  Cau^ 
p  of  the  Celefiial  Motions'^  ajjigntd  by  Air.  Leibnitz 
n  his  Effay. 

•  There  are  feme  of  the  Reafons  againfl:  Cor^ 
)oreal  Vortices  carrying  Planets,  that  likewif© 
,nake  againll  the  above  defcribed  Ejjay  o/I.eib-- 
'litz  about  the  Caufes  of  the  Celefiial  Motions  ^  name-*- 
y,  that  the  Paths  of  fome  Comets  are  very  ob- 
jique  to  the  Zodiac^  fometimes  they  cut  this 
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Plane  at  Right  Angles^  nay^  they  are  even  di' 
redly  contrary  fometimes  to  the  courfe  of  thi 
Planets.  And  ftnce  the  Comets  (all  the  whihj 
they  are  obferved  by  us)  defcribe  Areas  abour 
the  Sun  proportional  to  the  Times^  by  paritjl 
of  reafon,  an  Harmonically  circulating  Vortei^ 
ought  to  be  fuppofed,  fuch  an  one  being  a' 
neceffary  for  the  motion  of  a  Comet  as  of  j 
Planet ;  that  is^  there  ought  to  be  one  Vortej; 
contrary  to  another. 

In  confide  ring  indeed  but  one  Planet  earriec 
about  the  Sun  (  or  any  other  Center  )  if  it  B<l 
to  be  carried  by  a  Vortex,  without  any  prope 
motion  of  its  ov^/n,  only  fwimming  quietly  a 
long  in  a  deferent  Fluid,  circulating  Harmofii 
caily,  and  obeying  its  Motion^  (which  the  Auv 
thor  fuppofesj  )  the  Vortex  ought  to  circulate 
Harmonically, fo  as  that  the  Areas  cut  ofFbyRadi 
drawn  from  the  Planet  to  the  Sun,  be  propor- 
tional to  the  Times,  No  other  conilitution  o" 
a  Vortex  can  make  the  ratio  between  the  Area: 
and  Times  to  be  the  fame.  If  therefore  thi 
Vortex  of  our  Author  will  not  foive  the  Moti- 
ons of  the  Planets^  certainly  no  other  will.  Anc 
this  being  once  fuppofed,  all  the  reft,  which 
Gur  Author  draws  from  thence  by  Geometry 
proceeds  very  well  and  juftly,  as  things  ufually 
do  under  his  Hand.  To  which  I  add,  that  fud 
aVortex  as  this('whofe  Fluid  circulating  Harmo- 
nically in  a  Plane  thro'  the  Center,  to  whicf: 
the  Axe  is  perpendicular,)  may  be  producec 
Mechanically,  by  a  folid  Sphere,  if  it  be  revol- 
ved in  an  uniform  and  infinite  Fluid,  about  an 
Axe  given  by  pofiticn,with  an  uniform  Motion 
and  the  Fluid  be  made  to  move  round  by  th^ 
fole  impulfe  of  it,  and  every  part  of  the  Fluic 
perfevere  in  its  motion  uniformly.  And  this  i; 
a  third  things  which  remains  for  the  Author  tc! 
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explain  concerning  the  motion  of  the  Solar 
Vortex  or  ^ther  ,•  namely,  how  it  might  be  im- 
pelled, and  put  into  an  Harmonic  circulation^ 
For,  fmce  univerfaily  the  Times  of  defcribing 
or  running  any  Space,  are  diredly  as  the  Spa- 
ces run,  and  reciprocally  as  the  Velocities  j  and 
in  a  Circular  motion  the  fpaces  run  in  one  revo*- 
lution  are  as  the  radii,  and  in  an  Harmonic  cir-^ 
culation  the  Velocities  or  Circulations  are  reci-^ 
piocally  as  the  radii  j 'tis  evident,  that  thePeriodio 
Times  of  the  parts  of  a  Vortex  circulating  Har* 
^jnonicaily,  are  as  the  Squares  of  the  radii  i  But 
we  have  demonftrated,  Frop.  75*.  that  this  is  the 
property  of  a  Circulation  in  a  Plane  thro'  ch^ 
Center^ro  which  the  Axis  is.perpendicular  in  i\M 
Vortex,  put  into  its  motion  by  a  central  Sphsre. 

But,  if  the  motions  of  two  or  more  Planets 
be  compared  together,  it'wili  appear^  that  tte 
^fluid  Matter  of  the  Solar  Vortex  is  not  moved  m 
an  Harmonic  Circulation.  For  we  have  alres-^ 
^y  demonftrated,  that  the  Periodic  Times  of 
the  parts  of  a  Fluid  circulating  Harmonically 
(and  confequently  of  Bodies  that  are  carried  by 
a  quiet  fwimming  in  the  Fluid)  are  as  th@ 
Squares  of  the  radii.  But  the  Periodic  Times 
of  the  Planets  are  not  as  the  Squares,  or  in  thg 
duplicate,  but  in  the  fefquipUcate  ratio  of  th^ 
diltances  from  the  Center*  And  therefore  dif« 
ferent  Planets  are  not  moved  by  an  Flarmonk 
f«:irculation. 

The  Author  no  doubt  will  fay,  that  he  iid 
not  fuppofe  that  the  whole  Fluid  of  the  Solar 
Vortex  was  moved  by  a  continual  Harmonic 
circulation,  no  where  interrupted,  from  Mer- 
cury to  Saturn  inclufively  ;  but  that  the  Fluid 
carrying  about  Mercury  moved  in  an  Harmo* 
nic  Circulation  from  its  Periheiium  to  its  A- 
phelium^  then  (thisHarmony  being  interrupted^) 
N  z  again 
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again  Circularly  harmonica!    from  the  Peri- 
helium  of  Venus  to  its  Aphelium^  but  not  in  an 
Harmony  continued  with  the  former  circulati- 
on near  Mercury  i  that  is^  fo  as  that  the  circu- 
lation of  the  Fluid  carrying  Venus,  is  to  the  cir- 
culation of  the  Fluid  carrying  Mercury,  as  the 
diftance  of  Mercury  from  the  Sun,  is  to  the  di- 
ftance  of  Venus  from  the  fame :   And  again, , 
fthe  former  Harmony  being  interrupted,)  the  ■ 
Fluid  carrying  the  Earth  is  movedHarmonically  ' 
from  the  Perihelium  of  the  Earth  to  the  Apheli- 
um,if  this  Harmony  be  confidered  folitarily,  and 
not  compared  with  the  Harmony  of  the  Fluid 
to  Venus  or  Mercury  •  and  fo  on  in  the  other 
Planets :  that  is,  that  by  reafon  of  the  thieknefs 
of  each  Orb,  there  holds  a  particular  Harmony 
feparate  and  diftind  from  the  reft  ^   and  in  like/; 
manner  in  the  Satellites  of  Jupiter  and  Saturn,  , 
afcending  from  the  Center  of  Jupiter  and  Sa-  • 
turn.    But  it  muft  be  confeffed,  that  the  Author 
does  feem  likewife  to  extend  his  Harmonic  cir- 
culation aifo  to  different  Planets,  in  Varag,  17. 
where  he  fays :  In  double  the  dlfiancey  only  a  fourth  > 
^an  of  the  Angle  feen  from   the  Sun^  is  finijhed  in  \ 
the  fame  Element  of  Time  ;  in  trifle  the  diftance  only  / 
the  fiirtthfart :  For  certainly  thefe  numbers  have  ; 
no  place  in  the  fame  Planet.    But  if,  (as  he 
ought  principally  to  do,)  he  fpeaks  exprefly  con- 
cerning the  interrupted  Harmony  of  the  circu- 
lating parts  of  the  Fluid,  he  will  hardly  per- 
fwade  Philofophers  that  things  are  thus;  name- 
ly, that  by  reafon  of  the  thieknefs  of  the  Grb 
of  Mercury  there  is  an  Harmonical  circulation  ij 
from  the  Perihelium  to  the  Aphelium,  or  the  ' 
Velocities  of  the  Fluid  are  as  the  diftances  from 
the  Center  reciprocally  :   But   comparing  this. 
Circulation  wach  the  Circulation  of  the  iEther  j 
at  any  other  Planet,  the  one  is  to  the  other  re-  ! 
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ciprocally  as  the  Squares  of  the  Radii :  For  we 
have  demonftrated  Yin  Trop,  27  and  28.)  inde- 
pendantly  from  all  Phyfical  Caufes,  that  the  Ce- 
lerities of  the  Planets  are  reciprocally  as  the 
Square  Roots  of  their  diftances  from  the  Sun. 
Certainly  the  Vortex  of  the  Sun  would  be  mon- 
ftrous,  and  thefe  deferent  fluid  Orbs  more  ab- 
furd  than  the  deferent  folid  ones,  if  by  reafon 
of  the  thicknefs  of  each  of  the  fix  deferent  Orbs 
the  Harmonic  circulation  has  a  place,  and 
yet  this  Harmony  in  the  mean  while  is  five 
times  interrupted  •  namely,  at  the  interftices  of 
the  deferent.  And  it  makes  contrary  to  this 
interruption^  that  a  Comet  carried  thro'  the 
Zodiac  in  confequentia,  and  paffing  thro'  thefe 
interftices  of  the  Orbs  carrying  the  Planets,  is 
tnoved  juft  as  if  it  were  carried  by  an  iEther 
Icirculating  Harmonically ;  that  is,  fo  as  that 
[the  Areas  defcribed  by  the  radius  that  carries 
■it,  are  proportional  to  the  Times.  It  may  be 
tobferved  likewife,  how  diiFormly  difForm  the 
Solar  Vortex  would  be,  in  which  the  thicknefs 
of  the  Orb  of  Saturn,  where  the  Harmonic  cir- 
culation of  the  jEchcr  holds,  is  greater  than  the 
diftance  of  Mercury  from  Venus,  or  of  Venus 
from  the  Earth,  or  of  the  Earth  from  Mars,  in 
every  one  of  which  the  Harmony  is  interrupt- 
ed ;  and  where,  having  laid  afide  the  recipro- 
cal ratio  of  the  radii,  which  they  keep  in  the 
Harmony,  the  circulation  of  any  two  of  thefe 
compared  together,  are  reciprocally  as  thefquare 
roots  of  the  Radii,  being  about  to  refume  the 
former  Harmony.  The  famous  Author  himfelf 
feems  to  have  difcovered  this  fault  of  his  Har- 
Imonically  Circulating  Vortex,  when  he  con- 
feffes,  that  this  Ukswife  v^as  one  thifig  remain^ 
angy  namely,  to  explain  what  jlwuld  he  the  caafe 
'of  the  comparifon  of  the  morions  between  different 
N  I  Tknets 
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fla^ets  of   the    fame  Syfiem,  fo  as   that  the  Ferip^ 
cdic  Times   may  he  in    the  fefquiflicate  ratio  of  the 
Mem  Difiances :  For  he  faw   plain  enough^  that 
this  could  not  be  the  efFecft  of  an  Harmonic  J 
Circulation.  .  \ 

Perhaps  fome  Perfons  may  wonder,  that  Mr,; 
Lcihitz,,  who  deduced  the  Motions  of  the  Pla-r 
nets  from  Caufes  (at  firft, fight)  fo  different  from^ 
rhofe  eftabliflied  before,  fhould  notwithftanding^' 
light  upon  the  fame  Law  of  Gravity,  where-t; 
by  every  Planet  is  kept  in  its  Elliptic  Orbit. 
The  reafon  of  that  coincidence  is  thus :  ThoV 
Leibnitz,  makes  ufe  of  the  Matter  of  a  Vortex; 
Circulating  Harmonically  for  carrying  the  Pla- 
net about  •  yet  becaufe  in  the  Planet  thus  carri- 
ed about,  and  defcribing  any  Curve,  he  con*' 
feifes  an  ExcuiTory  Conatus,  whereby  a  Planet 
would  be  made  to  move  in  a  Right  line  touch- 
ing the  Curve,if  not  hindred.  He  does  the  fame 
as  if  he  had  made  the  Planet  to  move  equably 
in  a  Right  line,  if  not  hindered  :  For  thefe  two 
Motions  together  make  it  fo  ;  that  is,  all  one  as, 
if  it  were  carried  in  free  Spaces^  adied  upon  by 
no  external  force  at  all.    For  in  both  cafes  it 
will  defcribe  a  Right  line  with  an  equable  Mo-  ■ 
tion ;  For  the  Body  defcribing  the  Right  line 
with  an  equable  Motion,  runs  in  it  after  fuch  a 
manner  as  {hy  Tr of: i,Ekm.  6,)  that  the  Areas ^ 
cut  oftby  radii  drawn  to  any  given.  Point,  are 
proportional  to  the  Times.     Since  therefore.the 
Harmonic  Circulation  and  ExcuiTory  Conatus 
together  perform  the  fame  as  an  equable  Moti- 
on in  a  Right  line  does,he  could  not  but  find  th^  : 
Law  of  Gravity  the  fame  with  that  found  out. 
before;  namely,  that  which  would  force  thi3 
Planet  from  the  fameRight  lined  Tangent  vv^hich  - 
it  v/ould  run  after  the  fame  manner,  into  th^ 
fame  Conic  Seaion  towards  the  Sun,  poficed 
after  the  fame  manner.  S  e  c  t  i  o  $^  il 
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Section    XI. 

Of  other  Syji ernes  of  the  Worlds   and  Forces 
necejfary  to  preferve  them. 

Hitherto  we  have  been  explaining  the  old 
fhiUlak  Syftem  of  the  Worlds  by  fhew- 
ing  what  Phasnomena  would  happen  in  ir^  and 
that  they  agree  with  Obfervation.  We  largely 
treated  alfo  concerning  the  Diredion  and  Law 
of  the  Forces^  whereby  the  Syftem  of  the  Sun 
|is  kept  in  that  ftate;  and  after  what  manner  the 
jPhilofophers,  who  were  Maintainers  of  it^ 
thought  it  was  done.  It  remains  that  we  dif- 
patch  briefly  the  Order  and  Motion  which  other 
Philofophers  afcribed  to  the  Bodies  of  this  Sy- 
jftemj  which  Opinions  are  now-a-days  called  the 
\Syftems  of  their  Affertors ;  and  we  will  at  the 
jfame  time  fhew  the  Diredion  and  Law  of  the 
Forces,  whereby  thofe  Syfteras  might  fubfift. 

Proposition   LXXIX. 

TO  defcrihe  the  Semi-tichonic  Sjfiem  of  the 
World. 
.  The  maintainers  of  this  Opinion,  place  the 
Earth,  which  is  not  moved  progreffively  or  out 
of  its  place,  in  the  Center  of  the  Sphere,  in 
whofe  Superficies ^jBCD,  [i^i^.62.]  they  will  have 
the  Fixed  Stars  to  be  placed.  But  grant  that  the 
£arth  is  moved  about  its  ov/n  Axis  from  Weft 
to  Eaft  by  a  Diurnal  Motion.  Befides,  in  this 
Syftem  the  Sun  is  moved  about  the  Earth  in 
the  fpace  of  a  Year,  at  a  Diftance  equal  to  that 
at  which  the  Earth  is  about  the  Sun  in  the  Vhih- 
laic  Syftem:  And  about  the  Sun,  as  a  Center, 
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the  five  Planers,  ^It:,.  Mercury,  Venus,  Mars, 
Jupiter  and  Saturn,  are  revolved  towards  the 
lame  way,  and  at  the  fame  Diftances  as  they 
were  in  that.  Moreover,  the  Moon  revolves 
about  the  Earth,  and  about  Jupiter  and  Saturn, 
their  proper  Satellites,  in  the  fame  Periods  as 
was  faid  before,  at  Trof.  ly. 

This  Order,  and  thefe  Motions  of  the  great 
Bodies  of  the  World  pleafe  moft  of  thofe  Phi- 
Iofo|5hers,  that  the  other  Syftem  explaln'd  at: 
large  before  difpleafes,  and  which,  from  the  re- 
viver cf  itjCopcrnia^y  is  commonly  call'd  the  Co- 
fernlcan  Syftem,  as  by  Longomontanus  and  others. 
For  in  this  the  apparent  Diurnal  Revolution  of 
all  the  Sears  from  Eaft  to  Weft,  and  the  proper 
pr  fecond  Motions  of  the  Planets  are  intirely 
the  fame  as  m  tht  Cofer?iican  Syftem,  and  the 
Earth  continuing  in  the  mean  while  in  the  Cen- 
ter of  the  Sphere  of  the  Fixed  Stars,  is  only 
moved  about  its  own  Axis.  And  tho'  they 
place  the  fixed  Stars  in  the  Superficies  of  a 
iSphere,  whofe  Center  is  the  Earth,  that  is  to 
be  looked  upon  rather  as  the  Aftronomicai  than 
the  Phyfical  one. 

For  the  Fixed  Stars  fcattered  as  it  were  thro' 
the  whole  Mundane  Space,  may  be  pla'ced  at 
different  Diftances,  without  any  prejudice  to 
this  Syftem  •  and  their  Motion  In  confequenti a ^ 
explained  by  afcribing  a  very  flow  Motion  to 
the  Axis  of  the  Earth,  as  we  have  explained  it 
in  frc^.  64,    ■  '  ■  - 

Proposition  LXXX. 

TO  explain  the  Direciion  and  Law  of  the  Forces 
■ -ivherthy  fir^  Semi-tychonic  Syjiem  ■majh^ 
frefev'ued.  ■         -    ' 

'Tis  evident  firft  of  all,  that  the  fame  Forces 

and  the  fame  piredion  are  necelTary  here  for 

-.       -  ;    .  '.  the 
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the  keeping  the  five  Primary  Planets,  Mercury, 
Venus,  Mars,  Jupiter  and  Saturn,  in  their  Or- 
bits about  the  Sun,  and  the  Attendants  of  Ju- 
piccr  and  Saturn  in  their  Orbits  about  Jupiter 
and  Saturn,  as  in  the  Copermcan  Syftem.  The 
Law  therefore  of  the  Centripetal  Force,  where- 
by in  this  Syftem,  the  Secondary  Planets 
of  Jupiter  tend  to  Jupiter,  the  Satellites  of  Sa- 
turn to  Saturn;  and  the  Primaries  Mercury, 
Venus,  Mars,  Jupiter,  and  Saturn,  and  their 
Satellites,  towards  the  Sun,  is  known  :  For 
it  is  that  Force  which,  in  Prop,  47.  we  demon- 
llrated  to  be  the  fame  with  our  Gravity,  which 
is  reciprocally  proportional  to  the  fquare  of  the 
diftance.  'Tis  farther  evident,  that  this  Syftem 
being  fuppofed,  the  Moon  is  kept  in  its  Orbit 
by  Gravity  propagated  towards  the  Earth  by  the 
fame  Law :  For  Prop,  46.  where  this  was  de- 
nionftrated,  holds  as  much,  whether  the  Earth 
continue  in  the  fame  place  unmoved,  or  be  car- 
ried by  an  Annual  motion  about  the  Sun.  But 
fince  the  diiference  between  the  Copemkan  and 
Semi'tychonic  Syftem  is,  that  in  the  latter,  the 
Sun  (as  it  were,  with  its  five  attending  Primary- 
Planets  and  their  Secondaries,)  is  moved  about 
the  Earth  in  an  Orbit  fmiilar  and  contrarily  po- 
sited to  that,  in  which  the  Earth  with  its  atten- 
dant is  carried  about  the  Sun  in  'the  former  ; 
befides  the  Force  of  Gravity  neceifary  in  ttie 
Copernican  Syftem,  that  the  Earth  and  its  At- 
tendant might  be  carried  about  the  Sun, 
there  is  occafion  for  another  Force  equal  to  it, 
but  with  a  contrary  Direction,  that  the  Sun, 
together  with  the  attending- Planets,  may  be 
moved  about  the  Earth  at  reft  in  the  Semi^ 
tychonic  Syftem :  For  thefe  two  equal  and  con- 
trary Forces  imprefled  upon  the  Earth,  keep  it 
'  at  reft.  (Nay,  if  one  contrary  impetus  and  not 
'   -'-  '  to 
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to  be  repeated,  do  but  put  a  Hop  to  the  progref-^ 
five  motion  of  the  Earth,  and  its  attendant  the 
Moon,  along  the  Tangent  of  the  Orhis  Mr.g- 
nus,  and  afterwards  that  other  Force  now  de- 
fcribed,  a6l  upon  the  intire  Solar  Syftem,  th^ 
Gopernican  Syftem  will  be  turned  into  the  Sami^ 
tychonlc.  Therefore  to  prefer ve  the  Semi-tycJoo- 
mc  Syftem,  there  is  occafion  for  both  the  above 
explained  accelerative  Gravity  of  all  Bodies  to- 
wards all  others,  which  is,  in  a  given  diftance^ 
as  the  Body  towards  which  it  tends,  and  the 
Body  being  given  towards  which  it  tends,  is 
reciprocally  as  the  fquare  of  the  diftance  ;  and 
alfo  of  another  certain  Gravity,  equal  to  that 
whereby  the  Earth  tends  towards  the  Sun,  act- 
ing equally  upon  the  Sun,  Mercury,  Venus,  the 
Earth,  Mars,  Jupiter  and  Saturn,  and  their  At- 
tendants, along  lines  parallel  to  a  Right  line 
conneding  the  Sun  and  Earth,  and  with  a  di- 
region  from  the  Sun  towards  the  Earth.  For 
I  do  not  reckon  among  thefe  Forces,  that  Force 
whereby  the  Earth  is  revolved  upon  its  own 
Axe  ;  becaufe  only  once  to  be  impreifed  upon 
the  Earth,  as  alfo  upon  tbje  other  great  Bodies 
of  the  World  revolving  about  their  own  Axes : 
Hor  do  I  take  in  (  for  the  fame  reafon)  that 
Force,  whereby  the  Planets  would  defcribe  the 
Jangents  of 'their  Orbits:  For  we  are  now 
treating  of  thofe  Forces  and  their  Lav/,  necet 
fary  to  preferve  the  Syftem,  and  not  of  the  For^ 
Cei  whereby  it  may  be  produced. 


1 


Proposition    LXXXI. 

T  O  defcribe    the  Tychonic   Syjfem     of     the  - 
V/orld.  /^. 

This   differs   from  the  Syftem   defcribed  iii  i 
Trop,  79.  only  in  this,  that  the  Earth  being  de- 
prived of  all  Motion,  is  abfolutely.  at  reft ;  and 

there- 
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therefore  all  the  Stars^  as  well  Fixed  as  Wan- 
dringj  are  not  only  carried  by  their  fecond  Mo- 
tions, but  alfo  by  that  common  or  firfl;  Motion 
from  Eait  to  Weft,  in  the  fpace  of  a  Natural 
Day. 

'Tis  faid,  that  the  great  Tycho  liked  this  Sy- 
ftem  beft  ^  tho'  others  deny,  that  Tjcho  allowed 
exprefly  a  Diurnal  Motion  to  the  Stars.  But  it 
muft  be  confelTed,  that  he  difputes  againft  the 
^Diurnal  Motion  of  the  Earth  as  well  as  the  An- 
iJiual :  And  confequently  it  may  be  fafely  con- 
cluded, that  he  afcribed  a  Diurnal  Motion  to 
the  Heavens  and  all  the  Stars. 

r  Proposition    LXXXIL 

1^  I  ^  O  explain  the  DireBion  and  Law  of  the  For-- 
I  JL  cesy  whereby  the  Tychomc  Syjt em  may  he 
frejewedm 

,  The  fame  Forces  that  are  required  in  the 
Semi'Tychonic  Syftem,  are  required  alfo  in  the 
I'ychonic^  fince  the  fame  motion  of  the  Sun  and 
[Planets  are  fuppofed  in  both.  And  befidesthefe, 
fpme  other  Forces,  whereby  all  the  Stars,  both 
Fixed  and  Wandring,  are  drawn  from  their 
Rectilineal  motions  and  retained  in  their  Or- 
bits, which  they  defcribe  by  their  Diurnal  mo- 
tion about  the  Earth.  But  thefe  Forces,  finco? 
the  Periods  in  all  are  the  fame, 'are  (by  Corol,  r. 
^rof,  26.)  as  the  Semi-diameters  of  the  Circles 
they  defcribe.  And  therefore,  befides  the  For- 
ces explained  in  Vrop.  80.  there  will  be  need  of 
lanother  Force  tending  towards  the  Earth,  that 
iincreafes  in  the  recefs  from  the  Earth  as  the  di- 
fiances  increafe  •  contrary  to  what  happens  in 
iGravity  thro'  the  whole  Solar  Syftem,  and  in  all 
jNarural  Virtues  propagated  from  a  Center,  or 
|to  a  Center,  in  Right  lines,  every  way  thro* 
the  Regions  round  about^  which  (  by  Pr^p.  48.  j 
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in  its  reeefs  from  the  Center,  is  leflen'd  in  the 
duplicate  ratio  of  the  diftance  increafed.  And 
that  this  Force,  whereby  the  Stars  are  retarded 
in  their  Orbits,  defcribed  by  their  Diurnal  MoA* 
tions,  may  be  the  more  eafily  eftimated,  let  it 
be  compared  at  the  Moon  with  the  Force  of 
Gravity,  whereby  (by  Frop,  46.)  the  Moon  is 
retained  in  the  Orbit,  (he  defcribes  in  her 
Monthly  Courfe  round  the  Earth.  And  fince 
the  Circles  defcribed  by  the  Moon  in  her 
Monthly  and  Diurnal  Courfe,  are  equal,  the 
Forces  whereby  the  Moon  is  retarded  in  them, 
( by  Corol.  ^.Trop.26,)  are  reciprocally  as  the 
fquares  of  the  Times  j  that  is,  the  Force  where- 
by the  Moon^  (when  fhe  is  carried  in  the  Equa- 
tor by  a  Diurnal  Motion  about  the  Sunj  is  kept 
from  flying  off  in  a  Right  line,  which  is  a  Tan- 
gent to  the  Orbit,  is  to  the  Force,  whereby  it 
is  kept  in  the  Orbit  that  it  defcribes  about  the 
Earth  in  a  Periodic  Month,  as  at  27  x  27  to  i  ; 
or  as  729  to  I.  But  this  Force  tending  towards 
the  Earth,  holds  only  in  thofe  Stars,  which  are 
placed  in  the  Equator :  For  the  Force,  where-  . 
by  any  Star  declining  on  one  fide  of  the  Equa- 
tor, towards  either  of  the  Poles,  is  retraced 
from  the  rectilineal  Motion,  and  kept  in  a^ 
Orbit  parallel  to  the  Equator,  (byPr^p.  12. ) 
tends  to  the  Center  of  that  Circle,  and  not 
to  the  Earth,  which  is  fituated  without  the 
Plane  of  it;  and  it  is,  (hy  Cor oL  1.  Prop.  26.) 
as  the  Semidiameter  of  that  Circle  ;  that  is,  ia 
a  given  diftance  from  the  Axe,  equal  or  the 
laiiie,  and  in  a  given  diftance  from  the  Earth, 
as  the  Cofine  of  Declination. 

To  preferve  therefore^the  Tjcy^i^w/VSyftem^there  , 
is  required  ifi.  That  accelerative  Gravity  of  all 
Bodies  towards  all  others,  which  in  a  given  di- 
ftance^ is  a^  the  Body  towards  which  it  tends; 

and 
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and  the  Body  being  given  towards  which  it 
tends^  is  reciprocally  as  the  Square  of  the  Di- 
llance.  2^/7.  Another  accelerative  Force  e- 
qual  to  that  whereby  the  Earth,  by  a  fuperior 
Force^tends  towards  the  Sun,  and  ading  equal- 
ly upon  the  Sun,  Mercury,  Venus,  the  Earth, 
Mars,  Jupiter,  Saturn,  and  their  AttendantSj» 
along  lines  parallel  to  a  Right  line  conneding 
the  Sun  and  Earth,  and  with  a  direction  from 
the  Sun  to  the  Earth,  gi/y.  Ag^ccelerative 
Force,  tending  towards  the  nearBSoint  of  the 
Axis  of  the  World,  proportional  ta  its  diftance 
from  that  Point,  and  reaching  to  the  far  theft 
Fixed  Stars,  /^thly.  Another  Force  like  it  tend- 
ing to  the  neareft  Point  of  the  Axis  of  the  E- 
diptic,  and  proportional  to  the  diftance  from 
^hat  Point.  This  is  the  Force,  whereby  the 
Fixed  Stars  are  retain'd  in  the  Orbits,  which 
:hey  defcribe  in  their  proper  motion  from  Weft 
:o  Eaft,  upon  the  Poles  of  the  Ecliptic,  and 
jioes  not  ad:  at  all  in  the  Places  that  lie  be- 
|:ween  the  Center  and  the  Fixed  Stars,  but  be- 
gins to  ad  at  the  Fixed  Stars  themfelves^  and 
•is  (by  Corol.  5.  Frop,  26.)  to  the  like  Force  in 
!:he  Axis  of  the  World,  in  the  duplicate  ratio  of 
:he  Natural  Day,  to  the  Period  of  the  Fixed 
Stars  upon  the  Poles  of  the  Ecliptic.  And  thefe 
Four  will  fuffice. 

Proposition  LXXXIII. 
TP  O  defcribe  the  Ptolemaic  Syfiem, 

In  this  Syftem  the  Earth  continues  abfolutely 
It  reft  in  the  Center :  Next  to  the  Earth,  the 
Moon,  then  Mercury,  afterwards  Venus;  a- 
oove  Venus  the  Sun,  next  Mars,  then  Jupiter, 
ind  Saturn  iiirrounding  Jupiter  juft  as  in  the 
ikheme,  [^Fig,  65.]  finifhing  their  Revolutions 

under 
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der  the  Zodiac  from  Weft  to  Eaft.  Above  Saw 
turn  the  intire  Sphere  of  the  Fixed  Stars_,  (whofe 
Center  is  the  Earth  J  is  alfo  revolved  very  {low- 
ly from  Weft  to  Eaft^  upon  the  Poles  of  thfe 
Ecliptic.  But  both  the  Fixed  Stars  and  all  the 
Planets,  revolve  upon  the  Poles  of  the  Equator 
from  Eaft  to  Weft,  in  the  fpace  of  a  Natural 
Day.  We  don't  reckon  up  the  feveral  Orbs^ 
which  the  after  tors  of  the  'Ptolemaic  Syftem, 
place  abov|Ae  Fixed  Stars ;  fince  they  are  on- 
ly of  ufe  irBft  Theory,  and  don't  belong  to  the 
Afpedable  world.  And  for  the  fame  reafon, 
we  omit  likewife  the  Epicycles  of  each  Planet': 
For  in  the  Orbits  here  delineated,  the  Centers 
of  the  Epicycles  themfelves  are  carried  about, 
in  whofe  Circumferences  the  Bodies  of  the  Pla- 
nets themfelves  are  moved. 

In  this  Scheme  of  the  Planets,  we  have  nOti 
delineated  the  Orbits  according  to  the  propor- 
tion they  have  in  the  Heavens ;  as  well  becaufe 
Ttokmy  himfelf  has  not  declared  it  in  any,  but 
the  Sun  and  Moon  ^  and  becaufe  that  tho'  thfc 
Circles,  that  carry  about  the  Centers  of  the  Epi- 
cycles, are  at  fome  diftance,  yet  the  Heavensi 
of  the  Planets  are,  in  this  Scheme  contiguous, 
the  inferior  fometimes  in  the  Apog^um,  afcend- 
ing  from  the  Earth,  to  a  diftance  equal  to  that, \ 
to  which  the  next  fuperior  defcends  in  its  Peri- 
g^um  :  as  becaufe  the  Orbits  of  Mercury  and 
Venus,  (not  to  mention  the  Moon)  taken  from 
the  Theories  of  Ttokmy ,  do  ahnoft  vanifh  in  re- 
fped  of  the  Orbit  of  Saturn,  and  therefore  are 
hardly  to  be  defcribed  in  this  Scheme  :  For  in 
this  Syftem,  the  diftance  of  Saturn  from  the 
Earth,is  an  hundred  and  fixty  times  greater  than 
the  diftance  of  Mercury  from  the  Earth  :  But 
in  the  Copemlcan  Syftem,  the  diftance  of  Mer- 
cury from  tiie  Sun^  is  only  four  and  twenty 
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times  lefs  than  the  diftance  of  Saturn  from  the 
fame. 

;  Tho'  the  Order  of  the  Planets  defcnbed  above 
pleafed  the  generality  of  Philofophers  and  A- 
itronomers,  yet  there  were  fome,  who  placed 
the  Sun  next  above  the  Moon,  then  Mercury, 
and  then  Venus ;  and  this  Opinion  is  ufually  a- 
fcribed  to  Vhto:  But  Bcrfhyrms  placed  Venus  im- 
mediately above  the  Sun,  and  Mercury  above 
Venus,  the  three  others  (^Mars,  Jupiter  and  Sa- 
turn ji  continuing  as  before :  Perhaps  induced  by 
this  realbn,  that  it  was  better  for  the  two  Lumi- 
naries to  be  neareft  the  Earth;  whereas  the  Vto-- 
iemeans  mitKJing  their  motions  more^  placed  the 
Sun  in  the  middle  of  the  Planets,  being  fatisfi- 
ed  that  the  motions  of  the  other  Planets  in  their 
Epicycles  depended  upon  the  motion  of  th^ 
Sun.  ^ 

Proposition  LXXXIV. 
rri  O  exjlc:in  the  Direction  and  Law  of  the  Fones 
'  jL.    'thereby  ri^e-Ptalemaic  Sj ft  em  may  hz  fre^ 
fsrved. 

Firft,  for  the  keeping  the  Stars  within  the 
,  Orbits  they  defcribe,  by  their  Diurnal  Motioit 
iabout  the  Earth;  the  fame  Forces  areneceffary 
,here,  as  vs/ere  in  the  Tychonlc  Syftem,  for  the 
^producing  the  lame  Effed:;    namely,  fuch  as 
>may  tend  from  any  Point  of  the  World  to  the 
neareft  Point  of  the  Axis,  and  be  in  the  ratio 
of  thediftances  from  it.     Secondly,  to  contain 
1  the  Fix  d  Stars  within  the  Orbits  which  they 
defcribe,  by  their  proper  motion  from  Weil  to 
,Eaft5  Forces  like  thofe  made  ufe  of  in  the  Ty- 
\chonic  Syftem,   are  neceffary.    Then  to  keep 
{the  Luminaries  (the  Sun  and  Moon)  in  the  Or- 
|bits  which  they  defcribe  by  their  fecond  Moti- 
ions;  fmce  thefe  Orbits  are  fimilar  to  their  Or- 
bits 
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bits  in  the  TycJmuc  Syflern,  the  like  Forces  will 
be  neceffary  in  this  Syftem,  to  retain  them  in 
the  faid Orbits,  as  in  that ;  namely  (by  ^ro^,  80.) 
the  accelerative  Gravity  of  the  three  Bodiesj^ 
Sun,  Earth  and  Moon^  towards  one  another  \ 
(that  may  not  afFed  any  other  Mundane  Bodies, 
tho'  they  lie  between  them,  j  which,  in  a  given 
diftance  is  as  the  Body  towards  which  it  tends^ 
and  towards  a  given  Body,  is  reciprocally  as 
the  Square  of  the  diftance  from  it ,»  and  be-, 
lides,  another  fort  of  Gravity  equal  to  that^ 
whereby  the  Earth  would  tend  towards  the  Sun^ 
acting  equally  upon  the  Sun,  Earth,  and  Moon, 
by  Lines  parallel  to  a  Right  line,  •eonnedting 
the  Sun  and  the  Earth,  and  with  a  diredioii 
from  the  Sun  to  the  Earth,  but  fuch  as  affeds 
no  other  Planet.  For  that  Force,  whereby  the 
Sun  is  retained  in  its  Annual  Orbit^  is  not  the ' 
fame  with  that  whereby  the  Moon  is  retained 
in  its  Menftrual Orbit,  propagated  unto  the  Sun: 
For  the  Force,  whereby  the  Moon  is  kept  iii 
its  Orbit,  is  the  fame  with  Gravity,  with  us, 
("by  Vro^,  46.)  But  if  the  Sun  were  retained  by 
the  fame  Force,  propagated  fo  far  as  itfelf, 
the  Cubes  of  the  Diftances  of  the  Sun  and 
Moon  (by  ^ro^.  27.)  would  have  the  fame  ratio 
as  the  Squares  of  their  Periodic  Times  ^  and 
therefore  fuppofing  the  diftance  of  the  Moon 
from  the  Earth  to  be  60  Semidiameters  of  the 
Earth,  the  Sun  would  not  be  above  340  Semi- 
diameters  of  the  Earth  diftant  ;  and  its  Hori- 
zontal Parallax  would  be  above  9  minutes,  con- 
trary to  all  Obfervations ;  and  befides,  there 
v/ould  be  no  room  for  the  Epicycles  of  Mercu- 
ry and  Venus,  between  the  Heavens  of  the 
Moon  and  the  Sun,  where  they  are  placed  ac-* 
cording  to  this  Syftem. 

Som» 
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Some  of  this  Std  of  Philofophers  are  not 
willing  to  put  any  more  than  a  mental  diftin- 
ftion  between  the  Motions  of  the  Sun  and 
Moon  under  the  Zodiac^  and  the  Diurnal 
Motions  upon  the  Poles  of  the  Equator,  fo 
:hat  the  motion  of  each  is  really  in  the  fam^ 
Imple  Spiral  Line,  arifing  ftom  the  compofitiod 
of  the  above-mentioned  motions,  into  which 
:hefe  Celeftial  Motions  are  imagined  to  be  di- 
vided by  Aftronomers,  for  the  greater  eafe  •  and 
:he  moft  fimple  Motion  in  a  Right  line,  may 
be  compounded  of  two  or  more  Motions.  But 
becaufe  that  Spiral  is  not  a  Line  deferibed  in  a 
.^lane,  a  Body  cant  (  by  Frcp.  ii.)  be  retained 
n  it  by  a  fingle  Force  tending  to  an  immovable 
Point.  Either  therefore,  there  is  need  of  the 
everal  different  Forces  deferibed  above,  or  of 
L  iingle  Force  equivalent  to  them,  tendin,^  to 
I  Point  moved  in  the  mean  while  forward  and 
oackward,  and  that  in  a  very  compounded 
[Line. 

'  Befides,  to  keep  the  other  Planets  (^Mercufy, 
¥enus,Mars,  Jupiter,and  Saturn)  within  the  Or^ 
Dits  they  defcribe  by  their  proper  Motion,  the 
iForces  tending  to  the  Earth  are  not  fufficien^3 
'as  was  demonllrated, Prc/>.  1 3;)  nor  are  the  For- 
:es  tending  to  the  Sun,  fince  the  Orbits  of  Ve- 
nus and  Mercury  do  not  furround  the  Sun  in 
:his  Syltem,  and  for  that  reafon  they  are  npt 
concave  toward  him  in  all  their  Parts  :  Where^ 
fore,  from  Trop,  11.  the  thing  propofed  is  cer^ 
tain.  And  there  is  no  Point  in  the  Syftem, 
(muchlefs  aBody  worthy  to  be  taken  notice  of^ ) 
that  can  be  a  Center,  to  which  the  Forces  may 
tend,  whereby  the  Planets  are  kept  from  gc^ 
ing  off  in  the  Tangents;  one  of  the  above- 
mentioned  reafons  contradiding  it. 

O  But 
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But  if  this  Vtolemaic  Syftem  be  underftood  li- 
terally, that  is,  if  the  motions  defcribed  by  Tto- 
lemy^  are  not  look'd  upon  as  motions  only  fe- 
parated  by  the  Mind,  but  as  fuch  as  are  really 
in  the  Planets  \  then  there  will  be  need  of  a 
Force  in  the  center  of  the  Epicycle  of  every 
Planet,  ( Saturn,  Jupiter,  Mars,  Venus  and 
Mercury,;  tending  to  the  center  of  the  deferent^ 
that  is,  in  an  imaginary  Point,  (or  where  there 
is  no  Body  at  all,J  to  an  imaginary  Point :  And 
befides,  there  is  need  of  a  Force  in  the  Planet 
itfelf,  that  may  tend  to  the  center  of  the  Epi- 
cycle 3  that  is  again,  a  Force  in  a  Body,  that 
may  ten  to  an  imaginary  Point.  But  even 
thofe  Foi  jes  whereby  each  Planet,  and  the  cen- 
ter of  its  Epicycle  are  urged,,  are  not  propaga- 
ted beyond  its  proper  Point  and  Planet,  nor  do 
they  afFed:  any  other  Planets  ,•  and  there  is  ftill 
need  of  a  peculiar  Force  for  the  keeping  every 
center  of  an  Epicycle,  and  every  Planet  in  its 
proper  Orbit  ^  fo  that  there  is  no  Law  which 
refpeds  all  the  Planets :  And  the  ordinary  re- 
fpedive  Gravity  of  the  Satellites  of  Jupiter  and 
Saturn^  towards  the  centers  of  Jupiter  and  Sa- 
turn, continue  in  the  mean  time  untouched. 

After  that  the  Phafes  of  Venus  and  Mercury 
were  obferved  by  the  help  of  Telefcopes,  the 
VtoUmean  Syftem  of  the  World  was  foon  thrown 
afide  by  Phiiofophers :  becaufe 'tis  evident  from 
them,  that  the  Orbits  of  Mercury  and  Venus, 
muft  encompafs  the  Sun  ;  as  was  ihewn  in  Schol 
Frop.  6.  Such  therefore  as  ilill  maintained,  that 
the  Earth  was  Immovable,  made  Mercury  and 
Venus  move  in  Epicycles  round  the  Sun  as  a 
Center  ;  thus  far  embracing  the  Vhilolalc  Syftem 
of  the  World,  and  bringing  in  again  the  old 
Egyftlan  One  :  thac  Vitrnvlus  in  his  Book  ofArchl- 

tenure  '\ 
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re&rf,and  Venerable  2?e<^e  in  his  of  the  Nature  of 
Things^  approved  of. 

Rkciolus  in  his  Almagefty  adds  Mars  to  the  At- 
tendants of  the  Sun^  fo  that  fueh  as  have  no 
Satellites  of  their  own,  are  made  Satellites  to 
the  Sun,  and  only  Saturn  and  Jupiter  that  have 
Satellites,  befides  the  Luminaries,  revolve  about 
the  Earth,  as  their  immediate  Center  ^  and  this 
Syftem,  which  is  almofl:  the  fame  with  the  Tj- 
ihonic,  he  calls  his  own. 

There  is  no  need  of  explaining  the  Forces 
,and  their  dire6l:ion,  that  are  requifite  to  pre« 
ferve  the  <ty£gyftian  Syftem,  or  that  other,  which 
IS  little  different  from  it,  the  RkcioUci  For  tha| 
Appears  very  eafy,  from  what  has  been  faid  a^ 
bove.  As  they  are  compofed  of  the  Sylk.^i'f 
plready  defcribed,  fo  the  Forces  neceffary  to 
^referve  them,  are  parts  of  the  refpe^ive  Forces 
Explained  before. 

SCHOLIUM. 

I  This  Section  was  fubjoin  d,  to  the  etid,  that 
^ot  only  Aftronomers,  (who  are  fio  ways  afraid 
iof  a  multiplicity  of  the  Celeftial  Motions,  and 
pake  it  a  Poftulate,  that  any  Star  may  be  mo» 
ved  with  any  motion,)  weighing  the  feverd  dif^ 
perent  Syftems^might  embrace  that  which  agrees 
beft  with  the  Phsenomena  :  But  that  the  PhiIo« 
fophers  may  likewife  chufe  fuch  a  Syftem  U§ 
beft  agrees  with  Nature,  namely,  either  the  Old 
fhilolaic  or  Cofermcan  Syftem,  which  agrees  with 
::he  Phasnomena,  and  may  be  preferved  by  Gra- 
vity alone,  propagated  in  the  Tame  tenor  thro' 
;:he  Univerfe  ;  or  by  an  accelerative  force  of  all 
Bodies  towards  all  others,  that  is,  in  a  giveji 
i^iftance,  as  the  Body  towards  v;hich  it  tends^ 
jind  reciprocally  as  the  fquare  of  the  diftancej, 
When  the  Body  is  given  towards  which  it  tends : 
Q  ^  Or 
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Or  the  Semi'tjchonicy  defcribed  in  Vrof,  79.  that 
performs  the  fame,  as  the  Copernican^  in  regard 
of  the  Ph^snomena ;  but  then  befides  the  fame 
Gravity^as  is  requir'd  in  the  Copernican  Syftem^ 
(by  Frop,  80.)  it  Hands  in  need  of  another  Force, 
whofe  Magnitude  and  Direction  are  perpetu- 
ally changed  ;  for  this  Force  is  equal  to  that,  . 
whereby  the  Earth  would  tend  towards  the  Sun,  , 
and  a6ls  equally  on  all  the  Bodies  of  the  Solar 
Syftem,  according  to  Right  lines  parallel  to  a  i 
Right  line  that  connects  the  Sun  and  Earth,  . 
and  with  a  diredion  from  the  Sun  towards  the 
Earth :  Or   (if  it  be  refolved  upon,  that  the  ' 
Earth  fliall  be  or  is  intirely  at  reft)  the  Tycbo- 
nlc  System  defcribed  in  Vrop,  8r.  doing  the  fame  : 
as  to  the  Phasnomena,  in  which  (  by  Vrop.  82. Jf ) 
befides  the  two  aforefaid  Forces,  there  is  need  I 
of  two  more  ;  namely,  one  equal  in  every  point  • 
of  the  Axis  of  the  World,  that  encreafes  as  the  : 
Diftances,  and  is  at  the  Moon  to  the  Force  of  \ 
Gravity  in  the  duplicate  ratio  of  the  Periodic 
Month,to  the^Natural  Day  ;  and  another  Force 
like  it,  and  fimilarly  propagated  in  every  point 
of  the  Axis  of  the  Ecliptic,  that  a(5ls  only  upon  ) 
the  Fix  d  Stars,  and  is  at  the  Fix  d  Stars  to  the  ;; 
former  Force  in  the  Axis  of  the  World,  in  the  i 
duplicate  ratio  of  a  Natural  Day,  to  the  great 
Year,  or  period  of  the  Fix'd  Stars  upon  the  Poles 
of  the  Ecliptic  :  Or  the  VtoUmaic  Syftem  itfelf 
defcrib'd  in Prcp.8 3.  But  this  does  not  agree  with 
the  Phenomena  of  the  Heavenly  Bodies,  as  has 
been  fliewn  in  Frop.  84.     But  if,  fetting  afide 
the  Phaenomena  of  the  Phafes  of  Mercury  and 
Venus,  we  only  attend  to  fuch  Phaenomena  as 
were  known  by  Troiemj^^nd  his  Syftem  be  taken 
for  true  ;  (by  Prcf.  84.)  befides  the  two  forts  of 
Atrradive  Forces,  equally  difFufed  thro'  the  Axis 
of  the  World,  and  the  Axis  of  the  Ecliptic,  there 

is 
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is  need  of  an  accelerative  Gravity  of  the  Sun, 
Earth  and  Moon  towards  one  another,  without 
afFeding  any  of  the  other  Planets,  which  if  the 
diftance  be  given,  is  as  the  Body  towards  which 
it  tends,  and  towards  the  given  Body,  recipro- 
i^ally  as  the  fquare  of  the  diftance  from  it;  and 
befides,  there  is  occafion  for  another  Gravity, 
(equal  to  that  whereby  the  Earth  would  tend 
toward  the  Sun,)  acting  equally  upon  the  Sun, 
Earth  and  Moon,  along  lines  parallel  to  a  Right 
line  conneding  the  Sun  and  Earth,  and  with  a 
:dired:ion  from    the    Sun  towards  the  Earth. 
Over  and  above,  it  ftands  in  need  of  a  particu- 
lar Force  in  the  center  of  the  Epicycle  of  each 
ipf  the  Planets,  Saturn,  Jupiter,  Mars,  Venus, 
jand  Mercury,  that  tends  to  the  center  of  its 
jDeferent ;  and  ftill  of  another  particular  Force 
jin  the  Planet  itfelf,  tending  to  the  centre  of  its 
[proper  Epicycle,  vs/ithout  any  prejudice  in  the 
jmean  while  to  the  ordinary  Gravity  of  the  Sa- 
jtellites  of  Jupiter  and  Saturn.*   But  if  the  zy£gyf- 
tian   (or  Ricciolic)   Syftem   be  m oft    fancied, 
;(  which  indeed  may  be  made  to  folve  the  Phae- 
|iiomena,j  then,  (befides  the  Forces  refiding  in 
!the  Axes  of  ,the  World  and  the  Ecliptic,^  there 
is  need  of  a  mutual  Gravity  of  the  Sun,  Mer- 
cury, Venus,  the  Earth  with  the  Moon,  fand 
:Mars, )  as  in   t\\Q  Cofemican   and  Tjchomc  \  but 
fuch  an  one  as  does  not  reach  fo  far  as  Jupiter 
and  Saturn;  and  befides,  of  a  Force  equal  to 
that,  whereby   the  Earth  would  tend  towards 
the  Sun,  which   a(51:s  equally   upon    the  Sun, 
Mercury,  Venus,  the  Earth  together  with  the 
Moon  (  and  Mars, )  along  Right  lines  parallel 
to  a  Right  line  conneding  the  Sun  and  Earth, 
and  with  a  direction  from  the  Sun  towards  the 
Earth;  and  befides  of  a  particular  Force  in 

O  %  the 
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the  Center  of  the  Epicycle  of  both  Planets, 
jfupiter  and  Saturn,  that  tends  to  the  Center  of 
its  Deferent,  and  of  a  particular  Force  in  Jupi-. 
ter  and  Saturn,  tending  to  the  Center  of  theiy 
proper  ]Epicycle» 
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ELEMENTS 

OF 

.Aftronomy, 

Phyfical  and  Geometrical. 

The  Second  Book. 


Of  the  Fir jl  Motion.  ^ 

IN  the  preceding  Book,  we  have  laid  down 
the  Principles  of  a  True  and  Phyfical  Aftro- 
nomy;  that  is,  we  have  explained,  in  gene- 
ral, the  motions  of  the  Stars,  as  are  really  in  na- 
ture: But  fome  notice  muft  be  taken  of  the  Ap- 
pearance of  them  ^  that  is,  the  Elements  of  an 
Aftronomy  fitted  to  them,  are  to  be  formed. 
For  as  it  is  out  of  all  doubt  to  any  Philofopher 
that  confiders  the  Reafons  of  Things,  that  the 
Earth  is  carried  about  among  the  Planets,  fo  'tig 
likewife  certain  to  every  one  that  enjoys  his 
Sight,  that  the  Earth  appears  at  reft/ in^  the 
O  4  middU 
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middle  of  the  Univerfe,  and  that  the  Heaveas, 
and  all  contained  by  them,  are  moved  as  to 
Senfe^  round  about  it.  Now  not  only  the  rea^ 
fon  of  this  Phenomenon  is  to  be  afligned,  ("which 
has  already  been  done,  in  the  foregoing  Book  J 
but  the  Methods  muft  be  explained,  that  the 
Aftronomers  have  ufed,  to  define  the  places  of 
the  Stars,  feen  from  the  Earth,  who  either; 
thought,  with  the  common  People,  that  things 
were  really  fo  as  they  appear,  or  who  thought' 
that  this  Syftem  of  Appearances  ought  to  be  re- 
tained, tho'  they  knew  for  certain,  that*  things 
were  not  after  this  manner;  and  that- 'tis  ac- 
cording to  this  Syftem  that  we  muft  fpeak  with 
the  common  People;  and  not  make  our  Reafon 
and  Philofophy  perpetually  offer  violence  tQ 
our  Sight  and  other  Senfes. 

To  this  end  is  this  Second  Book  designed  j . 
namely,  the  explaining  the  Words  us'd  in  Aftro- 
nomy,  and  the  giving  the  defcription  and  ufe 
of  Spheres,  Globes,  and  other  Inftruments, 
made  to  fet  before  our  Eyes  principally  the  Di- 
urnal Motiqn,  and  in  general  to  fearqh  out  in 
this  Phyfical  Syftem,  and  to  handle  according 
to  the  apparent  Syftem,  and  Calculate  all  thofe 
rnatrers  as  are  ufually  faid  by  Aftronomers  to 
belong  to  the  DoS^rine  of  the  Sphere:  And  tho' 
the  Dodrine  of  the  Sphere  be  ufually  firft  trea- 
ted^  of,  by  all  Authors,  we  have  not  been  afraid 
to  invert  the  Order;  llnce  by  this  method  better 
care  is  taken  againft  young  Perfons  in  learning 
Aftronomy,  their  taking  the  Syftem  where  the 
Earrh  is  ac  reft  for  true,  to  which  they  are  firft 
accuftomed,  and  to  which  they  are  more  in- 
clined by  their  Senfes;  and  that  the Dodrine  of 
the  Sphere,  in  Kepler's  judgment,  fia7uh  in  need  of, 
feuerJ  th'mgs^  that  are  hirroivejl  of  the  Thcorlc  part 
"  Jfircnomj  (or  Dodrine  of  the  proper  Mo:.'ion 
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of  the  Planets,  a  faint  Draught  of  which  you 
had  in  the  preceding  Book,)  by  antkifationy  where^ 
as  the  Theorie  Tart  may  he  deliver  d  alone^  without 
needing  the  ajftfiance  of  the  Diurnal  or  Firfi  Motion, 
or  of  the  Do^rine  of  the  Sfhere^  which  treats  of  it. 


Section   I. 

Of  the  Generation  of  the  Circles  of  the 
Sphere,  and  of  the  Terms  ufed  in  Aftro- 
nomy,  depending  thereupon. 

Proposition  I. 

TO  explain  the  generation  and  nature  of  the 
Ecliptic  and  Zodiac^  and  the  divifion  of  them, 
alfo  of  the  Secondaries  of  the  Ecliptic^  and  their  ufes, 
and  the  Terms  ufed  in\  Jfirommy  depending  upon 
them. 

An  Obferver  placed  upon  the  Earth,  by  ex- 
tending his  Sight  every  way  equally,  if  noc 
lihindered,  bounds  the  World  by  a  Spherical  Su- 
jperficies  concentric  with  himfelf,  fthat  is,  with 
Ithe  Earth;  and  judges  all  remote  Objeds,  whole 
diftance  is  unknown,  tho*  really  very  unequally 
removed  from  one  another,  to  be  placed  as  ic 
'iwere  in  the  fame  concave  fpherical  Superficies; 
|; as  for  inftance,  he  does  the  Fixed  Stars,  Sun, 
land  Moon  itfelf;  as  was  fliewn  in  Trop,  32.  B.  i. 
(This  Sphere,  concentric  to  the  Earth  and  fur- 
rounding  ic,  defined  by  the  Sight,  and  befpan- 
gled  with  the  twinkling  Fixed  Stars,  fupplying 
the  place  of  an  abfoluce  Space,  is  confider'd  as 
at  reft ;    while  we  abftrad:  from  the  Diurnal 
Motion,  whereby  this  intire  Sphere,  or  rather 
the  whole  Heavens,  are  revolved  from  Eaft  to 
jWeft  in  the  fame  Space  of  24  Hours.     But  finc^ 
by  reaion  of  the  Annual  Motion  of  the  Earth 

about 
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about  the  Sun,  tlie  Sun  feen  from  the  Earth 
feems  to  move  forward  daily  towards  the  more 
Eaftern  Stars  (as  was  fliewn  in  Vrof.  2.  B,  i.)  the 
Sun  will  feem  to  move  in  this  immovable  Sphere 
or  Mundane  Space;  and  its  Path  marked  among 
the  Fixed  Stars  is  call'd  the  Ecliptic,  becaufe 
the  Eclipfes  of  the  Luminaries  happen  only  in 
this  Line ;  as  was  fhewn  above. 

Having  once  fettled  the  Ecliptic,  'tis  evident  \ 
that  as  all  the  Orbits  of  the  Planets  about  the 
Sun,  are  not  in  one  Plane^,  but  each  of  the  Pla- 
nets feen  from  the  Sun,  makes  an  excurfion, 
fometimes  on  this  fide,  fometimes  on  that  fide 
of  the  Way  of  the  Earth,  mark'd  among  the. 
Fix'd  Stars ;  fo  the  fame  Planets  feen  from  thet; 
Earth,  make  an  excurfion  fometimes  on  this 
fide,  fometimes  on  that  fide  of  the  Ecliptic,  and 
even  in  the  fame  points  of  their  Orbits  feem  to: 
run  off  varioufly,  according  to  the  different  fitu-, 
ation  of  the  Earth,  (as  was  fhewn  in  Trop.  j.  and 
S.B.i,)  But  their  greateft  excurfion  is  con- 
tained within  th^  boundaries  of  ten  Degrees  j 
the  Aftronomers  therefore  have  called  that  trad 
which  the  Sun,  Moon,  and  Planets  feem  to  a- 
dorn  with  their  motions,  and  which  is  a  Zone-. 
or  Belt,  twenty  Degrees  broad,  (ten  on  eachi 
fide  of  the  Ecliptic,J  by  the  name  of  the  2e-. 
^iac,  from  the  images  of  Animals,  which  the 
Fixed  Stars,  in  that  trad,  feem  to  reprefent. 
The  number  of  the  images,  pitched  upon  by 
them,  is  twelve  ;  either  becaufe  this  number 
feems  the  fitteft,  for  its  being  divifible  into  parts 
without  a  remainder,  as  two,  three,  four,  fix,  and 
twelve ;  or  becaufe,  vA^Wq  the  Sun  feems  to  run 
thro'  the  Zodiac,  in  the  fpace  of  a  Year,  there 
happen  near  upon  twelve  Lunations,  or  the, 
Moon  runs  thro'  all  her  Phafes  twelve  times. 
Thefe  pares  of  the  Zodiac  are  called  Signs,  and 

their 
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their  marks  are,  Aries  Y ,  Taurus  ^ ,  Gemini  n. 
Cancer  ®,  Leo  SI,  Virgo  n^^  Libra  cO.,  Scor* 
piotn,  Sagicarius/,  Caprieornus  v:p,  Aquarius 
«»,  Pifces  M.  Every  one  of  thefe  Signs  is  again 
divided  into  ;o  equal  parts,  fo  that  the  whole 
Circle  (like  all  othersy  is  divided  into  360.  Tho' 
the  Zodiac  or  any  other  Circle  has  no  begin- 
ning nor  ending,  properly  fpeaking;  yetAftro- 
nomers  begin  their  reckoning  from  the  firft 
point  of  Aries,  which  the  Sun  is  feen  in  when 
the  Days  and  Nights  are  equal,  and  Spring  be* 
gins  to  the  Inhabitants  of  the  Northern  Hemi- 
Iphere,  which  alfo  is  the  point  of  the  common 
interfe<aion  of  the  Ecliptic  and  ^Equator ;  as 
iwas  fliewn  in  Trop.  33.  B.  i.  The  reckoning  is 
itnadefrom  Ttot^,  n,  and  fo  on,  till  a  return 
jis  made  to  Y ,  the  beginning  again  towards  the 
fame  way  that  the  Sun  feems  to  move  about  ths 
Earth.  And  the  motion  or  progrefs  this  way 
'^  faid  to  beiw  confequentla  fignorum^  or  according 
illo  the  order  of  the  Signs;  namely,  that  accor- 
ding to  which  the  Sun,  Moon,  and  almoft  the 
reft  of  the  Planets  feem  to  move:  But  that  Phae- 
pomenon,  which  is  carried  in  the  contrary  or- 
der, or  from  ^  to  Y,  or  from  Y  to  X,  is  faid 
to  be  moved  contrary  to  the  order  of  the  Signs, 
|j©f  in  antecedentia, 

I    Becaufe  the  Axis  of  the  Earth  after  feveral 
iitevolutions  about  the  Sun,    goes  a  little   off 
[from  a  Site  parallel  to  that  it  formerly  had,  de- 
scribing the  Superficies  of  a  Cone,  the  images 
;0f  the  Stars  have  removed  from  the  Signs  of 
the  Zodiac,   to  which  they   originally   gave 
I  names.   And  this  happens  not  upon  the  account 
jSof  the  motion  of  the  Stars  or  the  Zodiac,  but 
becaufe  the  Equator  of  the  Earth  is  moved  to- 
gether with  the  Axis  of  the  Earth,  fo  as  that 
the  interfedions  of  the  Celeftial  ^Equator,  with 

the 
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the  Ecliptic,  or  Equinodial  points,  (and  confe- 
quently  all  the  points  of  the  Zodiac,  as  they 
are  expreffible  by  numbers)  remove  in  antecedent 
t/a-y  and  the  images  or  the  Fixed  Stars  feem  to 
be  transferred,  in  refped  of  them,  in  confequen* 
tia,  as  was  fhewn  in  Frop.  64.  B.  i. 

If  innumerable  Circles  be  fuppofed  to  be 
drawn  thro'  the  Poles  of  the  Ecliptic,  cutting 
the  Ecliptic  at  right  Angles,  which  are  called  its 
Secondaries^  any  point  in  the  Heavens  may  be 
referred  to  the  Ecliptic,  by  the  help  of  them; 
that  is,  any  Phaenomenon  is  underftood  to  be  in 
that  point  of  the  Zodiac  or  Ecliptic,  in  which 
fuch  a  Semicircle,  paffing  thro'  the  Phaenome- 
non,  cuts  the  Ecliptic.  And  the  Phaenomena 
that  are  after  this  manner  referred  to  the  fame' 
point  of  the  Zodiac,  are  faid  to  be  conjund, 
or  in  ConjunBion;  but  fuch  as  are  referred  to  the- 
oppofite  points,  are  in  Oppojition,  If  a  Quar-: 
ter  of  the  Zodiac  lie  between  the  points  to 
which  the  appearances  are  referred,  they  are 
faid  to  be  in  a  J^artile  Afped,  but  if  a  third 
part  of  the  Zodiac,  in  a  Trim  Afped  ^  laftly,. 
if  a  fixth  part  of  the  Zodiac  lie  between  them, 
they  are  faid  to  have  a  Sextik  Afped.  > 

Befides,  an  Arc  of  the  Ecliptic  intercepted: 
between  the  beginning  of  Aries  and  the  faid 
point  of  interfedion,  and  reckoned  according 
to  the  order  of  the  Signs,  is  called,  the  Longi- 
iude  of  that  Phasnomenon  or  Point,  as  the  Arc 
of  a  Secondary,  intercepted  between  the  E- 
cliptic  and  the  faid  Phasnomenon  or  point  of  the 
Heavens,  is  called  its  Latitude  ;  on  which  ac- 
count thefe  Secondary  Circles  are  called  Circles 
of  Latitude,  The  Latitude  is  either  Northern  or 
Southern  I  for  the  Heavens  are  divided  according 
to  Aftronomers,  by  the  Ecliptic,  (a  Celeftial 
Circle,    becaufe  originally    confider'd    in   the 

Hea- 
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Heavens)  into  the  Northern  and  Southern  He- 
j^ifphere. 

|y  Proposition  II. 

TO  gi'Ve  an  account  of  the  genejis^  nature^  and 
ujes  of  the  Celefiial  Equinoctial  and  its  Se- 
condaries and  Farallelsy  and  to  explain  the  Terms  ufed 
in  Aftronomy^  defending  thereon. 
\  If  the  Plane  of  the  Earth's  i^lquator  or  Cir- 
cle^ lying  exa<5i:ly  betwixt  the  Poles,  upon  which 
:he  Earth  is  revolved  by  its  Diurnal  Motion,  be 
produced  every  way,  it  will  interfe^l  the.Sphe- 
r'ical  Surface  of  the  Heavens,  concentric  to  the 
£arth,  in  a  correfponding  Circle  in  the  Hea- 
|/ens,  and  the  Axis  of  the  Earth  produced  will 
jnark  out  the  Poles  in  the  fame  Sphere.  And 
|:ho'  the  Earth,  with  its  Axe  and  Equator,  be 
parried  about  the  Sun  in  the  Annual  Motion, 
|ret  the  Circle  defcribed  by  the  Earth,  is  fo  fmall, 
in  regard  of  the  Fixed  Stars,  that  the  Axis  and 
liEquator  of  the  Earth  (  every  where  parallel  to 
l;hemfslves)  being  produced,  falls  upon  the  lame 
Fixed  Stars,  as  to  Senfe,  and  therefore  all  the 
pther  Fixed  Stars,  that  retain  the  fame  fituation 
in  regard  of  one  another,  retain  alfo  the  fame 
fituation  in  regard  of  the  ^Equator  and  Poles  of 
^he  Heavens,  excepting  fo  far  as  the  Axis  and 
Equator  on  the  Earth  do  not  continue  parallel 
:o  one  another;  concerning  which  we  fliall 
fpeak  in  the  following  Propofition.  And  be- 
::aufe  the  Earth  revolves  upon  its  own  Axis, 
in  the  fpace  of  a  natural  Day,  from  Weft  to  Eaft, 
any  Body  feparate  from  the  Earth  will  feem  to 
defcribe  a  Circle  in  the  Concave  Sphere,  paral- 
lel to  the  Celeftial  i£quatorin  the  fame  time 
from  Eaft  to  Weft,  the  Eye  being  placed  in  the 
Earth,  and  judging  its  own  Habitation  to  be  uh- 
tnoved^aswas  explained  at  large  in  Prof.  32,5.1. 

Buc 
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But  becaufe  the  Earth  is  carried  about  the 
Sun  in  its  Annual  motion,  the  Earth's  Equator 
continuing  always  parallel  to  itfelf,  applies  it- 
lelf  only  twice  a  if  ear  to  the  Sun,  fo  as  that 
the  Sun  may  be  found  in  the  Plane  of  it  pro- 
duced, and  confequently  that  the  light  of  the 
Sun  may  reach  to  both  the  Poles  of  the  Earthy 
and  every  point  of  the  Earth  turn'd  about  in 
the  Diurnal  motion,  may  be  as  long  in  the 
Light  as  in  the  Dark,  (  as  was  fliewn  in  Pro/>i 
^;.  B.I.)  that  is,  the  Sun  is  feen  only  twice 
a  Year  to  defcribe  the  Celeftial  Equinoctial 
Circle  in  its  Diurnal  motion,  in  which  cafe 
the  Days  will  be  equal  to  the  Nights  to  all 
the  Inhabitants  of  the  Earth  :  For  the  Equi- 
noctial interfe(Sl:s  the  Ecliptic  in  the  Point  in 
which  the  Sun  appears  among  the  Fixed 
Stars,  when  its  Light  reaches  to  both  the  Poles 
of  the  Earth,  and  caufe  the  Equinox  through 
all  the  Globe  of  the  Earth.  For  in  every  other 
cafe,  the  Sun,  in  its  Diurnal  motion  (like  the 
other  Celeftial  Bodies)  feems  to  defcribe  Circle? 
parallel  to  the  EquinocStial,  among  which  they 
are  the  moft  confiderable,  that  the  Sun  feems  to 
defcribe  in  the  Heavens,  when  the  Poles  of  the 
Earth  do  moft  incline  towards  the  Sun  ^  that  is, 
when  the  Sun  is  feen  from  the  Earth  in  the  be- 
ginning of  the  Signs  of  Cancer  and  Capricorn 
among  the  Fixed  Stars  ,•  which  therefore  are 
called  the  Tropics  ofCaitcer  2.ndCafriccrn^  becaufe 
the  Sun  returns  immediately  from  thence  to- 
wards the  Equator.  There  are  two  other  Circles 
alfo  parallel  to  the  Equinodial  Circle  (namely 
thofe  which  thePoles  of  the  Ecliptic  feem  to  de-* 
feribe  in  their  Diurnal  motion  ;  and  by  con* 
fequence  are  as  far  diftant  from  the  Poles  of  the 
Equinodial  as  the  Tropics  are  from  the  Equi* 
nod:ial,)  called  the  Pokr  Circles^  either  becaufe 

they 
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they  are  defcribed  by  the  Poles  of  the  Ecliptic 
by  the  flrft  or  Diurnal  motion,  or  becaufe  they 
are  near  the  Poles  of  the  Equinodial,  which 
are  called  the  Voles  of  the  World -^  becaufe  all  the 
World  befides  the  Earth,  feems  to  be  moved  a- 
bout  them  in  the  fpace  of  24  Hours.  The  Equi- 
nodial  Circle,  as  ufual,  is  divided  into  360 
Degrees,and  thefeDegrees  are  reckoned  towards 
the  fame  parts  with  the  Degrees  of  the  Ecliptic 
or  Zodiac,namely,  from  Weft  to  Eaft,  according 
to  the  order  of  the  Signs,  and  from  the  fame  be- 
ginning ^  namely,  the  firft  Point  of  Aries.  As 
each  Point  in  the  Heavens  is  referred  to  the 
Zodiac  by  the  Secondaries  of  the  Ecliptic,  fo 
by  the  Secondaries  of  the  Equator,  it  is  referred 
to  the  Equinodial.  And  the  Arc  of  the  Secon- 
dary comprehended  between  the  Point  and  the 
Equator,  is  called  the  Declination  of  that  Point  ^ 
North  or  South^  according  as  it  is  towards  this 
|or  that  Pole.  For  a  Point  is  faid  to  decline  juft 
fo  much  as  it  is  diftant  from  the  Primary  Circle, 
being  the  middle  and  principal  one  of  the  Diuf- 
nal  motion  which  moft  afteds  our  Sight.  This 
Diftance  or  Declination,  belongs  to  the  Se- 
icondaries  of  the  Equator,  which  are  therefore 
'called,  the  Circles  of  Declination :  The  chief  of 
Iwhich  are  the  two  Coluresy  one  of  which  pafling 
thro'  the  interfedions  of  the  Ecliptic  and  Equa- 
tor, or  points  of  the  Equinoxes,  is  called  the 
Equinoclial  Colure  j  and  the  other  at  right  angles 
with  the  former,  is  called  the  Solfiitial  Cclure,  be- 
caufe it  meets  the  Ecliptic  in  the  remoteft  Points 
from  the  Equator,  where  the  Solftices  are  ce- 
lebrated. 
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Proposition    III. 

TO  gtv^  an  account  of  the  nature  and  ufes  of 
the  Tcrreftrial  Equator yand  its  Secondaries  and 
Tarallelsy  and  explain  the  Terms  u]ed  in  Afironomy 
find  Geography  defending  thereon. 

The  Equator  is  properly  a  Terreftrial  Circle^ 
becaufe  exifting  originally  in  the  Earth,  and, 
transferred  to  theHeavensonly  upon  the  account. ; 
of  the  Firft  Motion,  (which  is  only  an  appar^ 
rent  one  in  the  Heavens.)  Its  four  principal  Pa- 
rallels,  the  two  Tropics,  and  as  many  Polar 
Circles,  may  be  underftood  to  be  on  the  Earthy  , 
either  as  fo  many  Circles  lying  diredly  under 
the  Circles  in  the  Heavens  of  the  fame  name>. , 
the  generation  of  which  we  have  fliewn  in ' 
the  preceding  Propofition  •  or  (which  is  more 
natural)  as  originally  generated  in  the  Earth  it^ ,, 
felf.    And  then  the  Tropics  will  be  Circles  on  i 
the  Earth,  lying  diredly  under  the  apparent ; 
Courfe  of  the  Sun,  when  the  Pole  of  the  Earth,., 
which  is  neareft,  inclines  moil  to  the  Sun :  But.; 
the  Polars,  fueh  as  bound  thofe  tracts  of  the 
Earth,  as  have  at  that  time  perpetual  Day  or 
Night,  as  was  explained  in  Trof,  33.  B  i. 

Thefe  four  Circles  parallel  to  the  Equator, 
divide  the  Globe  of  the  Earth  into  five  Zones ; 
of  which,  that  is  the  Torrid,  which  is  contained  : 
between  both  Tropics,  becaufe  lying  diredly" 
under  the  courfe  of  the  Sun^  and  receiving  its 
diredand,  by  confequence,moft  powerful  Rays, 
The  Inhabitants  of  this  Zone  are  called  Amfhi-- 
fcians,  becaufe  the  Shadow  of  a  Perfon  (land- 
ing upright,  moves  as  well  towards  the  right  as 
the  left  hand  of  him  that  cbferves  it,  and  becaufe 
the  Noon  Shadow  at  certain  different  times  of 
the  Year,  is  proje(5led  towards  both  the  Poles. 
The  trads  of  Land  included  within  the  twa  ( 

Polar 
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Polar  Circles,  iilake  two  other  Zones ;  both  of 

themB-i^/i^becaufetliey  receiveonly  theobliqud 

and  Gonfequently   the   weakeft  Rays    of    the 

Sun,  that  are  not  therefore  able  to  thaw  or  dif- 

folve  the  cohaefion  of  the  Ice,  that  froze  during 

he  Winter  and  long  Night-time,  in  the  follow- 

ng  Summer,  or  as  long  a  Day-time.  Thb  Inha- 

)itants  of  thefe  Zones,  in  regard  of  the  Shadow^ 

ire  called  Verifdans^  becaufe  the  fhadow  (the  Suri 

lot  fetting)  moves  round  about  them.    Between 

he  Torrid,  Which  is  tlie  middle,  and  the  twc? 

frigid,  which  are  the  extreme  Zones,  lie  two 

)thers,  caird  the  Temferate^  Zo77es^  becaufe  par- 

aking  of  the  afFedions  of  both  the  adjacent 

xtremes^  thQ  Northern  of   which  is  bounded 

y  the  Tropic  of  Cancer  and  the  Ardie  Polar 

circle  -and  the  Southerfj,  by  the  Tropic  of  Ca- 

ricorri  and  the  Antardic  Polar  Circle.     And 

10'  the  Ancients  faid    that  thefe  only  were 

^emperate  and  habitable,  yet  experience  no\^ 

iforms  us,  that  both  the  Frigid  and  Torrid 

|!/Ones  are  fit  for  the  nourifhmeht  of  Animal5> 

hd  Vegetables^    feveral  other  Caufes,  partly 

'hyficalj  and  partly  AftronOmical,  making  com^ 

enfation  for  the  too  direct  or  oblique  inci-^ 

ence  of  the   Rays.     The   Inhabitants  of  the 

Temperate  Zones  are  called  Heterofdansy  hQ^ 

kuk   their  Noon  fhadow  is  thrown  only  to-^ 

'ards  one  Pole^  1;;;^.  the  neareft,  and  carried  a- 

out  only  towards  one  quarter,  as  it  is  with  us^ 

'ho  inhabit  the  Northern  Temperate  Zone,  and 

:ie  our  own  (hadow  projected  towards  the  right 

:and. 

:  Again,  fuch  as  live  upon  the  Equator,  have 
^eir  Days  and  Nights  always  equal,  becaufe  Ai 
'ell  the  Equator  as  the  Circle  diftingui filing 
lie  enlightened  part  of  the  Earth  from  the  ob- 
mre  are  great  Circles  of  th«  Sphere  ;  sfnd 
^jier<^fore,    (by  Frop.  tt.    Book  i.    Theodof.) 

P  they 
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they  bifed  one  another^  confequently,  each 
Point  in  the  Equator  carried  round  about  equa- 
bly in  its  Diurnal  motion,  is  as  long  in  the  light 
as  in  the  dark.  But  to  an  Inhabitant  living 
without  the  Equator  towards  either  Pole,  the 
Days  are  longer  than  the  Nights,  when  the 
Pole  of  the  Earth,  that  is  neareft  inclines  to- 
wards the  Sun,  and  are  then  the  longeft,  when 
that  Pole  inclines  moil  towards  the  Sun :  And 
the  farther  an  Inhabitant  lives  from  the  Equa-> 
tor,  the  longer  are  the  longeft  Days  to  him, 
till  at  laft  at  the  Polar  Circle  in  Summer,  there 
is  no  Night  at  all ;  as  has  been  fhewn  at  large 
in  Vrot.  ;;.  5. 1,  This  is  the  reafon  why  Vtokmj 
and  other  Geographers,  divided  the  Earth  by 
Circles  V^rdkl  to  the  Equator,  diftant  fronr 
one  another,  and  their  beginning  ('viz,,  the^  E- 
quator^)  To  much  as  that  the  longeft  Day  is  ^ 
quarter  of  an  Hour  longer  in  one  Tarallel  than 
in  the  other  nQxtVar^lleL  They  take  no  notice  ol 
any  divifion  into  leflifpart5,becaufe  they  would 
be  fcarce  fenfible  •  and  they  looked  upon  thii 
fpace  (tho*  properly  a  little  Zone)  as  indivi- 
sible in  regard  of  Latitude,  and  therefore  they 
caird  it  a  Tarallel,  Circle  being  underftood' 
Making  the  Equator  then  to  be  the  firft  Paral- 
lel; the  fecond  paffes  thorough  thofe  parts  oi 
the  Earth,where  the  longeft  Day  is  12^  Hours; 
the  third  throrough  them,  where  the  Day  is  ii^ 
Hours,  and  fo  on ;  and  in  the  other  Hemifphere^ 
-  after  the  fame  manner.  Two  fuch  fpaces  make 
a  Cllm.^te^  w^hich  therefore  differ  from  one  ano- 
ther the  length  of  half  an  Hour.  Each  Climate 
receiv'd  a  name  from  fome  confiderable  Place 
lying  in  it  near  its  middle :  and  therefore  there 
muft  be  24  of  them  reckon  d  from  the  Equator 
io  either  Polar  Circle,  fince  the  greateft  01 
longeft  Day  is  12  Hours  longer.    But  the  An* 

cknt 
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dents  did  hot  begin  thi$  reckoning  from  the 

Equator  itfelf,  but  made  the  firft  Climate  td 

pafs  thro*  the  Ifland  Merocy  whete  the  lOngeft 

bay  was  found  to  be  an  whole  HoUr  longer 

:han  12  Hours,  cither  becaufe  they  left  this  Re5- 

5ion  nesli*  the  Equator  for  a  right  Sphere,  in 

'egard  of  which,  the  other  Regions  on  the  fides 

)f  it,  are  called  KaiV*]*  ;  or  becaufe  perhaps  they 

udged  the    interior  parts  to  be  uninhabited* 

rho*  Ttokmy  fays,  there    were  federal  in  hi^ 

ime,  who  maintained,  that  there  wete  habita* 

ations  uttder  the  Equino<ftial  itfelf^  juft  as  it 

vere  in  a  temperate  Region  ;  but  the  Pedple 

rf  his  Age,  had  not  to  that  Day  penetrated  thi* 

hen    Ttokmy  has  not  given  us  an  exad  compti^ 

tJtion  of  the  Parallels,  fo  far  as  to  the  Polar 

circle  itfelf^  they  being  more  numerous  there^ 

bouts,  and  he  not  thinking  it  worth  his  whil^ 

0  be  over  nice  in  his  enquiries  in  the  iilorai 

iJorthern  Parts.    As  for  the  Climates  on  the  0^ 

iier  fide  of  the  Equator  towards  the  AntardiG 

/olcj  he  has  given  each  of  them  fueh  a  name^ 

s  fignifies  that   this  unknown  Climate  is  as  i^t 

iftant  from  the  Equator  towards  the  Souths  a^ 

certain  known  one  is  from  the  fame  Equa-^ 

Dr  towards  the  North ;  as  the  Climate  AiTli-j^d- 

\  As  the  Places  of  the  Stars,  or  any  Points  iti 
ic  Heavens,  aire  computed  as  to  their  Long!-- 
ide  and  Latitude,  by  the  tn^ans  of  the  Eclip^ 
Q  (  which  is  properly  a  Celeftial  CireleJ  and 
s  Secondaries ;  fo  the  Longitudes  and  Latitudes 
f  Places  on  Earth,  are  computed  in  theEqua- 
)r  (which  is  properly  a  Circle  on  the  Earth,) 
nd  its  Secondaries  palling  thro'  the  Poles  of  the 
arth*  Any  fueh  Secondaries  dr^wn  thro'  any 
kce  upon  the  Earth,  is  called  the  Meridian  of 
\ai  Place,  bec^tufe  when  the  Earth  has  in  ks 
P  >  t>mt- 
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Diurnal  revolution  arrived  to  fuch  a  fKuation^ 
as  that  the  Sun  is  in  the  Plane  of  that  Circle 
produced,  it  is  Noon  Day ;  as  fhall  be  more 
largely  explain'd.  hereafter.  Tht  Latitude  oi  a.ny 
Place  is  an  Arc  of  the  Secondary  of  the  Equa- 
tor, or  of  a  Meridian,  intercepted  between  the 
Equator  and  the  Place :  And  it  is  either  North 
or  South,  as  the  Place  is  diftant  from  the  Equa^ 
tor  towards  the  North  or  South  Pole.  But  the 
Longitude  of  a  Place  is  computed  from  the  Wefti 
towards  the  Eaft  in  the  Equator  itfejf,  becaufe 
the  boundary  of  the  Land  towards  the  Weft  is 
better  known  than  that  towards  the  Eaft*  And 
becaufe  the  Equator  has  no  beginning,  nor  any 
Cardinal  Pointy  as  there  is  in  the  Heavens^ 
marked  out  by  its  interfedion  with  the  Ecliptic, 
the  firft  Meridian,  from  whofe  interfecftion  with 
the  Equator  the  beginning  of  the  reckoning  is 
to  be  made,  was  left  to  the  liberty  of  the  Geo- 
graphers to  be  fettled.  Now,  they  allow  of  no 
dry  and  habitable  Land  befides  the  Contingent 
they  themfelves  inhabited,  together  with  the  ad- 
jacent liles;  they  feigned  therefore  a  firft  Me^ 
ridian  pafling  thro'  the  moft  Weftern  Place  of 
the  Earth,  that  was  then  known,  (as  the  Azores 
or  Fortunate  I(Ia?^ds ;  and  from  thence  towards 
the  Eaft,  they  difpofed  of  all  Places  on  the 
whole  Surface  of  the  Earth,  in  regard  of  Lon- 
gitude j  and  called  the  Longitude  of  the  Place, 
that  Arc  of  the  Equator  which  was  intercepted 
between  the  Fir/  Meridian  and  the  Meridian  oi 
tno.  Place.  But  when  they  found  the  Globe  ol 
the  Earth  was  really  Inhabited  all  about,  and 
there  was  no  fuch  thing  as  a  moft  WefternPlace. 
the  above-mention'd  way  of  reckoning  the  Lon- 
gitude of  Places  was  by  degrees  neglected,  whicl 
would  have  been  of  great  ufe  in  underftandin| 
the  Monuments  of  the  Ancients :  ( tho'  itmighi 
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ftill  be  made  ufe  of ^ )  and  every  one  made  the 
Meridian  6f  his  own  Gity  to  be  the  chief,  and 
took  notice  how  the  Meridians  of  other  Places 
fituated  towards  the  Eaft  orWeftftand  in  regard 
of  this^  or  how  many  Hours  the^e  are  between 
the  more  Eaftern  Meridians  leaving  the  Sun, 
and  the  more  Weftern  Meridians  overtaking  of 
it^  or  between  the  Sun's  feeming  to  leave  the 
more  Eaftern  Meridian^  and  arrival  at  the  mord 
Weftern.  ^^ 

I    Again^  the  Inhabitants  of  the  Earth  beini^ 
compared  together  in  regard  of  the  Meridians 
and  Parall^lSj  fome  of  them  are  called  by  Geo-, 
graphers  the  Ver'tKci^  and  they  inhabit  in  tho^ 
fame  Parallel  of  the  Earth/ but  in  oppofite  M^-^ 
ridians.  (The  oppofite  Meridians  are  the  oppofife^ 
'halves  of' the  fame  Circle  computed  from  thp^ 
[Poles,  becaufe  fuch  Places  as  are  in  fuch  bppd- 
|iite  Semicircles  are  referred  to  oppofite  poirits. 
of  the  Equator  of  the  Earth.)     On  this  account^. 
the  Ferwci  enjoy  the  fame  Seafons  of  the  Yea'r^^ 
|by  reafori  of  the  inclination  towards  the  Sun  df 
that  Pole  of  the  Earth  which  is  neareft  to  both/ 
or  its  declination  from  the  Sun  ;  or  fpeaking 
according  to  the  apparent  reft  of  the  Earth,  be- 
caufe the   Sun  approaches  after  the  fame  man- 
ner towards  the  Parallel  of  both  Places,  f  becaufe 
the  fame)  or  recedes  from  it :  But  they  have 
alternate  changes  of  Noon  and  Midnight,  ac- 
cording as  the  Meridian  of  the  one  or  the  o- 
ther  is  turned  to  the  Sun  by  the  diurnal  revolu- 
tion of  the  Earth,  or  (which  is  all  one,)  as  the 
Sun  carried  about  us  in   its  apparent  diurnal 
revolution,  approaches  to  the  Meridian  of  the 
one  or  the  other  of  them  ;  unlefs  they  live  in  a 
Frigid  Zone,  where  they  enjoy  the  Day  toge- 
theh     Again,  other  Inhabitants  of  the  Earth  are 
called  Antoscl^  and  they  live  in  the  fame  Mcri- 
P  3  dian^ 
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dian,  but  in  oppofite  Parallels,  fo  (hat  they  have 
rhe  fame  Noon  and  the  fame  Midnight ;  be^ 
caufe  they  have  the  fame  Longitude.  But  the 
Summer  of  the  one  is  the  other's  Winter,  ac-^ 
cording  as  the  Earth  in  its  annual  motion  turns 
fometimes  ifs  North  Pole,  and  afterwards  its 
South  Pole,  more  towards  the  Sun  ;  or  as  th^ 
Sun  declines  from  the  Equator  to  this  or  the 
other  Pole.  And  laftly,  others  are  call'd  An-- 
tlfodes^  becaufe  they  live  in  oppofite  Meridian? 
5nd  Parallels,and  walk  with  their  Feet  diametri- 
cally oppofite  to  ours.  Thefe  have  exadly  the 
contrary  things  happening  to  them :  The  oneha§ 
Summer  and  long  Days  or  no  Nights,  at  the 
fame  time  as  the  other  has  Winter  and  (hortDay$ 
or  perpetual  Nights ;  'tis  Night  here  when  \xs 
Day  there,  and  Night  there  when  'tis  Day  here. 
'Tis  evident  an  Inhabitant  of  the  Equator,  is  an 
Antoecian  to  himfelf ;  and  that  the  fame  Perfon 
is  both  Perioecian  and  Antipode  to  hiixi ;  but  that^ 
an  Inhbitant  of  both  the  Poles  is  a  Perpecian  to 
himfelf,and  that  his  Antcecian  is  the  fame  as  his 
Antipode.  ^ 

POPOSITION  IV- 

TO giv?  an  account  of  the  generation  and  na-f 
ture  of  the  HorlziOn  and  its  Secondaries  and 
Tarallelsy  and  to  explain  the  Terms  in  Aftronomy  de-i 
pending  thereon. 

Befides  the  lately  mentioned  Circles  of  the' 
Equator  and  Ecliptic,  in  refped  to  which,  A- 
ftronomers  have  determined  the  Places  of  the 
Stars  viewed  from  the  Earth,  there  is  another 
called  the  Horiz>on^  which  is  the  great  Circle, 
that  every  one  ftanding  in  an  open  Plain,  de- 
fines by  turning  of  his  Sight  round  about,  and 
that  divides  the  vifible  from  theinvifible  part  of 
the  Heavens.    This  Circle  is  the  molt  confide- 

rable 
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rable  of  all  in  a  Sphere  to  appearance^  becaufc 
iwitnediately  tak^n  notice  of  and  determined  by 
apy  Obferver,  tho*  the  moft  unskilful.  Its  ge- 
fitfis  in  the  true  Syftem,  has  been  delivered  a- 
bove  in  Prop.  32.  B,  i.  But  becaufe  the  Spheri- 
cal Superficies,  to  which  we  referred  all  Cele- 
ftial  Phenomena,  is  fuppofed  to  be  concentric 
with  the  Earth  and  not  the  Eye,  a  Plane  that 
paffes  thro'  the  Eye  and  touches  the  Earth,  will 
not  divide  it  into  equal  Segments  ;  therefore 
the  Horizon  there  defcribed,  generated  by  the 
Sedion  of  the  faid  Plane  and  Sphere,  is  proper- 
ly called  the  Senfihk  Horizon  •  becaufe  defined 
by  Senfe:  And  the  Rational  Horizon  of  this  Spe- 
dator,  is  that  which  is  made  by  the  Sedion  of 
the  faid  fpherical  Superficies,  by  a  Plane  paral- 
lel to  the  Senfible  Horizon^and  pafling^  thro*  the 
icenter  of  the  Earth.  Thefe  two  parallel  Planes 
produced,  will  mark  out  the  fame  Circle  in  the 
Superficies  of  that  very  great  Sphere,  wherein 
the  Fixed  Stars  are  feen,  becaule  the  Earth  com- 
pared to  the  Sphere  of  the  Fixed  Stars,  is  but 
like  a  Point.  From  whence  'tis  evident,  that 
the  Horizon  confidered  among  the  Fixed  Stars 
is  a  great  Circle  in  a  Sphere,  every  way  equi- 
diftant  from  the  Point,  exadly  over  the  Head  of 
the  Perfon  (whofe  Horizon  it  is,)  called  the  Ze- 
mth^9.nd  from  the  oppofite  to  it  the jVW^ir  :  Which 
Points  therefore,  namely  the  Zenith  and  Nadir 
are  the  Poles  of  theHorizon,in  which  the  Secon- 
daries of  theHorizon,drawnthro*all  the  points  of 
the  Heavens,  crofs  one  another,  which  are  there- 
fore called  Verticals,  and  fometimes  Az>itnHths  ^ 
but  the  Parallels  of  the  Horizon,  whether  fup- 
pofed to  be  above  or  below,  towards  the  Ze- 
nith or  Nadir  are  called  Almicanters,  There  are 
two  of  thefe  Vertical  Circles,  that  are  moft  con- 
fiderable,theone  pafIingthro'theZenith(the  com- 
P  4  moa 
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mon  Node  of  all  the  Verticals j  and  the  Poles 
of  the  World,  call'd  the  Meridian;  namely  the^ 
Cde^ial ,  becaufe  being  diredly  over  the  Ter^, 
reltrial  Meridian  :  This  Circle  interfects  theHoT.] 
rjzon  in  the  Cardinal  Points  of  South  and  North, 
and  marks  them  owt.     The  other  chief  Vertical, 
is  at  Right  angles  to  this,   and  interfeds  the 
Horizon  in  the  poins  of  Eaft  and  Weft ;  and 
hecaafe  the  former,  tho'  a  Vertical,  is  called 
likewife  by  another  name,  ^Iz,.  a  Meridian,  this 
latter  has  the  name  of  the  Primary  Vertical  left, 
intirely  to  itfelf.    By  the  help  of  the  Horizon  : 
and  its  Secondaries,  ^ny  point  of  the  Heavens 
whatever  is  difpofed   of  according  to  its  Altk 
tude  above  or  Depreffion  below  the  Horizon^ 
and   Azimuths.     That  is,   tht  .Altitude  or  De% 
preJJIon  of  any  Point  is  an  Arq  of  a  Vertical  Cir*; 
cle  intercepted  between  the  fame  Point  and  the. 
Horizon ;  And  the  AzAmmb  is  an  Arc  of  the, 
Jlorizon  intercepted  between  the    North   or 
South  Cardinal  Point  and  that  Point  wherein 
the  Vertical    drawn   thro'  the  Ph?enomenon, 
meets  the  Horizon  ;  which  is  Eafiern  or  Wefiern^ 
according  as  you  reckon  from  the  Meridian  to- 
wards the  Eailern  or  Weftern  part  of  the  Hea^ 
vens.  Sometimes  the  Azimuth  is  reckoned  from, 
the  Eaftern  or  Weftern  Cardinal  Point  towards^ 
the  North  or  South.     But  the  Eafiern  or  Weftern 
Amplitude  is  always  reckoned  from  thefe  Points^ 
which  is   an  Arc  of  the  Horizon,    reckoned 
from  the  Eaft  or  Weft  to  the  Rifmg  or  Setting 
point,  and  therefore  both  may  be  Northern  or 
Southern  ,  tho'  this  way  of  naming  them  feems 
to  have  flown  firft  from  intire  Conftellations  5 
and  the  queftion  was^  how  large  a  fpace  of  the 
Horizon  any  Conftellation  tooi^  up  in  Rifing 
or  Setting. 

That 
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That  portion  of  the  Convex  Surface  of  the 
Earth,   that  the  Spectator  Hands  upon,  being 
taken  as  a  Plane  parallel  to  the  Horizon  ;  the 
feverai  Quarters  of  the  Winds  are  confider'd  in 
it,  and  the  Cardinal  ones  are  the  North,  South, 
Eaift  and  Weft ;  lying  under  the  Meridian  and 
Prime  Vertical,    defcribed  above,  and  are  the 
Sedions    of   the  Horizontal    Plane  with  the 
Planes,  of  the  faid  Circles.    The  Motion  of  the 
Heavens  will  point  out  to  us  thefe  four  Quar^ 
ters ;  namely  the  Eaft,  where  the  Sun  rifes  irt' 
the  Equinoxes ;  the  Weft,  where  the  Sun  fets 
that  Day  :  The  North,  where  the  Pole  of  the 
World  is  feen  by  us  the  Inhabitants  of  the  Nor- 
thern Hemifphere  of  the  Earth,  and  the  Stars 
caWd  thQ  SeptemTriones,  always  appear :   And 
laftly,  the  South,  whence  the  Sun  fhines  upon 
jus  at  Noon.    For  the  Terms  in  Aftronomy  are 
accommodated  to  fuch  trads  of  the  Earth  as- 
are  fituated  in  the  Northern  Temperate  Zone, 
fbecaufe  Aftronomy  was  firft  cultivated  in  thofe 
parts.   There  are  as  many  lying  exadly  betwen 
the  four  Cardinals,  that  have  names  fin  the  £«- 
glijh  and  other  Tongues  a-kin  to  it  j  made  up  of 
the  Cardinals  that  are  on  their  fides,  fo  as  that 
the  name  of  the  chief  Cardinal  Point  is  fet 
firft.  Betwixt  thefe  eight  are  placed  eight  morf ;' 
having  Names  made  up  of  the  Names  of  the' 
eight  preceding,  fo  as  that  each  of  them  is  made 
up  of  the  two  laterals  next  it,  and  the  princi- 
pal Cardinal  fet  firft :  Hence  it  comes  to  pafs, 
that  the  name  of  the  chief  Cardinals  is  prefent- 
ly  doubled,  and  the  names  of  the  other  Cardi- 
nals in  the  beginning  and  end  of  the  Word  thus 
;  compounded.    Between  the  fixteen  Points  na- 
med, there  are  fixteen  others  having  compound 
Names,  each  from  one  of  the  eight  firft,  to 
!  which  the  name  of  the  Cardinal  Point  towards 

which 
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it  declines,  is  connected  by  a  Propofition  ^  and 
thus  we  have  two  and  thirty  Wind's  Ways,  or 
Points,  which  are  the  common  interfedions  of 
as  many  Verticals  with  the  Plane  of  the  Hort-| 
zon,  and  ferve  to  diftinguifii  the  Winds  accu- 
rately enough.  But  we  ufe  the  Degrees  of  the 
Horizon,  in  reckoning  the  Azimuths  of  the  Cc* ; 
leftial  Phenomena,  beginning  from  one  of  the 
four  Cardinal  Points,  as  was  faid  above.  Be- 
fides  thefe  Points,  (  while  they  are  confidered 
in  the  Plane  of  the  Horizon)  are  looked  upon 
as  Right  lines ;  b6t  if  the  furface  of  the  Earth 
be  looked  upon  as  Spherical  (as  it  really  is,) 
none  of  them  produced  upon  the  furface  of  the 
Earth  are  Right  lines,and  only  the  Cardinals  ar& 
Circles;  namely,  one  pointing  out  the  North 
and  South,  being  a  great  Circle,  and  the  fam$ 
with  the  Meridian  of  the  Place,  from  whence 
it  takes  its  beginning;  the  other  fhewing  the 
Eaft  and  Weft,  being  a  leffer  Circle,  pafling 
thro*  the  Place,  and  parallel  to  the  Equator  * 
excepting  when  the  Place  is  in  the  Equator  it- 
felf,  in  which  cafe  it  is  a  great  Circle ;  becaufe 
the  Equator  itfelf.  The  other  Points  of  the 
Compafs  being  produced  upon  the  furface  of  i 
the  Earth  are  Spirals  fm  ^ewem,  cutting  all  the- 
Meridians  at  given  Angles,and  are  czW^^Rhumhs 
or  Loxodromics, 

Proposition  V. 

TO  explain  the  generation  and  nature  of  the  Ce- 
lefiial  Meridian  and  other  Hour  Circles* 
In  Trof.  3,  we  explain  d  what  fort  of  a  Circle 
th^  Meridian  of  each  Place  confidered  upon  the 
Earth  was ;  namely,  a  Circle  compafling  the 
Earth  and  pafling  thro'  the  faid  Place  and  both 
the  Poles;  and  confequently  a  great  Circle, 
becaufe  pafling  thro'  the  oppofite  Points,  And 
the  Celeftial  Meridian  of  the  fame  Place  is  that 

in 


Book  II.        0/  A  S  T  R  O  N  O  M  Y.       2  I  9 

in  the  Heavens,  which  lies  directly  over  and 
and  anfwers  it.  And  becaufe  the  Obferver  con- 
tinuing in  the  fame  place,  looks  upon  the 
Earth,  and  therefore  the  place  where  he  ftands, 
and  the  point  over  his  Head  as  unmoved,  he 
likewife  conceives  of  the  Celeftial  Meridian 
pafling  through  the  Poles  and  the  Vertex  of 
the  Place,  which  are  unmoved,  as  a  Celefti- 
al Circle  unmoved :  And  feeing  the  Heavens 
and  all  the  Stars  feem  to  move  round  in  the  Di* 
urnal  motion,  he  conceives  of  the  Meridian  of 
the  Place  where  he  is,  as  what  has  no  fliare  of 
that  motion,  and  as  it  were,  without  the  mo- 
vable Heavens,  and  of  the  Heavens,  as  if  they 
were  revolved  within  it.  And  it  is  always 
Noon  at  that  place,  when  the  Sun,  by  the  DU 
urnal  revolution  of  the  Heavens,  feems  to  have 
arrived  at  the  above-mentioned  immovable  Ce- 
leftial Meridian  above  the  Horizon ;  and  Mid-^ 
night,  when  the  Sun  has  reached  the  other 
part  of  it  below  the  Horizon.  For  fmce  this 
Celeftial  Meridian  pafles  thro'  the  Poles  of 
the  Horizon  and  Equator,  and  (by  Frop.  i  j.  B, 
I.  Spharic.  of  Theod,)  interfeds  the  Horizon  and 
the  Equator  together  with  its  parallels  at  right 
angles ;  'tis  evident  that  the  Meridian  divides 
the  Segments  of  all  the  Circles  parallel  to  the 
Equator  made  by  the  Horizon,  into  equal  parts ; 
and  therefore  fmce  the  Sun  defcribes  in  its  Di- 
urnal motion,  one  cf  thefe  Parallels,  (the  Arc 
above  the  Horizon  in  the  Day-time,  and  the 
Arc  or  Portion  of  it  below  the  Horizon  in  the 
Night,)  'tis  evident  that  Mid-day  or  Noon  is 
then  made,  when  the  Sun  comes  to  the  Meri- 
dian above  the  Horizon,  and  Mid-night  when 
it  arrives  at  its  oppofite  part,  lying  concealed 
below  the  Horizon  :  from  whence  it  has  its 
name.  And  for  the  fame  reafons  the  middle 
point  of  the  continuance  of  any  Star  above  or 

below 
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below  the  Horizon  happens,  when  that  Star 
comes  to  the  Meridian ;  Where,  at  the  fame 
time,  it  has  its  greateft  elevation,  call'd,  its 
Meridian  Altitude. 

Again,  fmce  the  fpace  of  time  between  tKi 
two  neareft  Noons  is  fuppos'd  to  be  divided 
into  24  equal  parts,  fcalled  Hours,)  and  by  rea-.  ^ 
fon  of  the  equable  Revolution  of  the  Earth  a*, 
bout  its  own  Axis,  the  Sun  feems  to  defcribe  6v 
quably  the  Equator,  or  fome  parallel  to  it  upon 
the  Poles  of  the  Celeftial  Equator-  befides  the 
Meridian,  there  are  eleven  other  Hour  Citf 
cles  to  be  conceived  of,  paffing  thro'  the  Poles 
of  the  Equator,  and  together  with  the  Meri^ 
dian,  dividing  the  Equator  into  24  equal  parts; 
and  thefe  are  look'd  upon  ( in  regard  of  the 
fame  place)  as  immovable,  and  like  the  Meridian, 
placed  without  the  Sphere,  the  Heavens  in  the 
mean  while  revolving  equably  under  them. 
From  vv^hence  it  is  evident,  that  an  Arc  of  the 
Equator  intercepted  between  any  two  next  of 
thefe  Circles  is  15-  Degrees,  that  is,  24th  part' 
of  an  intire  Circle.  But  wh^n  the  Terreftriali 
Meridian  is  changed,  the  Obferver  changes  all 
his  Hour  Circles  with  it.  They  are  called 
Hour  Circles,  becaufe  the  Sun,  feen  to  havei 
arrived  at  any  of  them,  by  its  apparent  Diurnal 
Motion,  caufes  the  Hour  of  the  Day  to  be  that ; 
before  or  after  Noon,  which  this  Circle  is iii' 
order,  moreEaftern,  or  more  Weftern  than  the 
Meridian.  An  infinite  number  more  of  thefe 
fort  of  Circles  may  be  imagined,  according  as 
we  fuppofe  the  Hour  to  be  divided  into  60  Mi- 
nutes, each  of  which  is  again  divided  into  60 
Seconds,  and  fo  on.  Thefe  Hour  Circles  are 
the  fame  in  pofition,  with  the  Circles  of  De- 
clination ,•  (  of  which  in  Trc]).  2.)  becaufe  they 
are  Secondaries  to  the  Equator:  Bat  they  differ 

in 
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in  this,  that  -the  Circles  of  Declinations  re- 
volve, together  with  the  Stars  and  Points  df 
the  Heavens,  whofe  Declination  they  meafure  ^ 
but  thefe  Hour  Circles  (as  was  faid  before  ) 
are  look'd  upon  as  immovable.  Hour  Circles  alfo 
in  the  Heavens,  anfwer  to  Meridians  on  the 
Earth ;  and  indeed  the  Meridians  on  the  Earth, 
are  the  real  Hour  Circles,  and  are  only  appa- 
rent ones  in  the  Heavens.  For  as  'tis  Noon  in 
a  given  Place,  when  the  Earth,  revolving  by  its 
Diurnal  Rotatidn,  arrives  at  fuch  a  fituation, 
as  has  the  Plane  of  the  Meridian  produced  fai- 
ling upon  the  Sun :  fo  it  is  fuch  or  fuch  an  Houf, 
before  or  after  Noon,  as  that  Terreftrial  Me- 
ridian, in  order  from  the  Meridian  of  the  Place, 
is,  in  whofe  Plane  produced  the  Sun  is  then 
found. 

Proposition    VI. 

TO  explain  the  "various  appellations  of  the  Sphere 
of  the  World y  and  other  Terms  ufed  in  Aftro- 
nomyy  depending  upon  the  various  inclination  of  the 
Horizon  to  the  E/juator. 

Since  according  to  the  diverfity  of  Places 
upon  the  Earth,  the  Horizon,  and  confequent- 
ly  the  Face  of  the  Heavens,  (that  is,  the  Sphere 
of  the  World,)  is  different ;  Aftronomers  make 
this  diverfity  threefold,  according  to  the  three 
different,  kinds  of  Pofition  of  the  Horizon  to 
the  Equator.  For  either  the  Horizon  of  the 
Place  is  right  to  the  Equator,  cutting  it  at  right 
angles,  or  it  is  oblique,  or  elfe  does  not  cut  it 
at  all,  but  coincides  with  it.  Such  as  have  the 
iirft  Pofition  of  the  Sphere,  are  faid  to  inhabit 
a  Right  Sphere ;  fuch  as  have  the  fecond,  an  Oh-^ 
lijue  ;  and  fuch  as  have  the  third,  a  Parallel 
Sphere,  becaufe  each  Star  feems  to  defcribe  at 
Circle,  pariallel  to  the  Horizon  in  its  Diurnal 
Motion.  In 
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In  a  right  Sphere,  Tnamely,  where  the  Equa- 
tor E  ^is  ered:  or  perpendicular  to  the  Horizon 
HO,  as  in  the  ift  Figure,)  the  Equator  (  by 
Trof,  ly.  B.  I.  rheodofius]  will  pafs  thro'  the  Polei 
of  the  Horizon,  the  Zenith,  and  Nadir;  the 
Place  therefore  itfelf,    on  the  Surface  of  the 
Earth,  will  be  in  the  Terreftrial  Equator ;  for 
fuch  only  have  the  Zenith  and  Nadir,  in  the 
Celeftial  Equator  ;  all  fuch  therefore,  inhabit 
a  Right  Sphere,  and  only  fuch  as  are  fpread  a* 
long  the  length  of    the  Terreftrial  Equator* 
Their  Horizon  paffes  thro'  the  Poles  of  the 
World  A  and  J5  (by  the  abovecited  Propofitioii 
of  TheodcfiHs)  and  every  Point  in  the  Heavens 
will  feem  to  afcend  right  or  perpendicularly  a^ 
bove  the  Horizon ;  becaufe  it  defcribes  a  Circle 
parallel  to  the  Equator,  (  which  is  right  or  per* 
pendicular  to  the  Horizon,)  in  its  apparent  Di- 
urnal Motion.    And  the  Points,  that  rife  toge- 
ther, come  to  the  Meridian  alfo  together,  and 
fet  together ;  becaufe  the  Poles,  about  which 
the  Diurnal  Motion  is  made,  by  which  the  Stars 
feem  to  rife,  come  to  the  Meridian,  and  fet, 
are  as  well  in  the  Horizon  as  in  the  Meridian  of 
this  Sphere.     And  from  this  fituation  of  the 
Sphere,  the  v/ay  of  reducing  the  points  of  the 
Heaven  to  the  Equator,  derives  its   original 
That  is,  the  Right  Afctnficn  of  any  point  in  the 
Heavens  is  an  Arc  of  the  Equator^  reckoned 
towards  the  Eaft,  intercepted  between  the  be- 
ginning of  Aries,  and  the  point  of  the  Equator 
that  rifes,  together  with  the  faid  point  in  the 
Heavens,  in  a  Right  Sphere :  After  the  fame 
manner  vve  are  to  underftand  what  the  mght 
Defcenjion  IS :  and  inftead  of  the  Horizon  of  a 
Right  Sphere,  the  Meridian  of  any  Place  may 
be  affumed.    Now,  becaufe  only  the  Inhabi- 
tant of  the  Terreftrial  Equator  have  a  Right 

Sphere,^ 


TlcLte  1 ,  ^ooh    2, 


Ttg  ,  2, 


Book  U.      ^/  A  S  T  R  O  N  O  M  ¥•        2  23 

Sphere,  what  the  aiFedions  of  this  Sphere  are^ 
is  evident  from  what  has  been  faid  above ;  (e- 
fpecially  in  Trot>.  ^3.  B,i.)  namely,  that  the 
Nights  arc  always  equal  to  the  Days,  and  every 
point  of  the  Heavens  is  as  long  above  as  below 
the  Horizon. 

In  an  Oblique  Sphere,  where  the  Horizon 
HO  (Fig,  2.)  cuts  the  Equator  £  ^  at  oblique 
Angles ;  neither  of  them  paffes  thro*  the  Poles 
of  the  other,  and  therefore  one  Pole  of  the  E-^ 
quator  or  World  is  above  the  Horizon,  the 
other  below  it ;  the  former  therefore  is  always 
vifible,  but  the  latter  always  invifible:  Nor  will 
the  Equator  pafs  thro'  the  Vertex  Z,  but  the 
Vertex  will  lie  between  the  Equator  and  the 
vifible  Pole.  There  are  two  kinds  of  this 
Sphere;  for  either  the  North  Pole  B  is  elevated 
above  the  Horizon  HO,  and  the  South  lies  un- 
feen ;  or  on  the  contrary,  the  South  Pole  is  e- 
levated,  and  the  North  deprefled.  All  fuch  have 
the  Sphere  of  the  former  kind,  as  live  between 
the  Terreftrial  Equator  and  the  Ardic  Pole,  and 
fuch  as  live  between  the  Equator  and  Antardic 
have  the  latter.  The  chief  Phenomena  of  both 
of  them,  as  to  Summer  and  Winter,  may  be 
feen,  already  explained,  in  Prop  53.  B.  j.  ac- 
cording to  the  true  Syftem  of  the  World.  And 
in  the  apparent  Syftem,  fince  each  point  in  the 
Heavens,  by  its  equable  diurnal  Motion  de- 
fcribes  either  the  Equator  or  a  Parallel  to  it ; 
and  only  the  Equator,  but  not  one  of  the  Pa- 
rallels is  divided  into  two  equal  parts,  by  an 
oblique  Horizon  ;  the  Sun,  and  all  the  Stars, 
that  decline  towards  the  vifible  Pole,  continue 
longer  above  the  Horizon  than  below;  and  on 
the  contrary,  fuch  as  decline  towards  the  invi- 
fible Pole,  continue  hid  longer  below  the  Ho- 
rizon, than  they  appear  above  the  Horizon. 

And 
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And  this  holds  to  a  certain  limit  towards  botl 
Poles.     For  if   the  declination  be  increafed 
till  the  diftance  of  the   Star  from  the  vifibh 
Pole,  is  lefs  than  the  elevation  of  the  Pole  a- 
bove  the  Horizon^  the  Star  does  not  fet  at  all ; 
But  if  its  Diftance  from  the  invifible  Pole  be  lefs^ 
it  will  not  afcend  above  the  Horizon  ;  that  is^ 
it  will  not  rife  at  all.    And  the  Parallels  O  1^^ 
HIj  bounding  the  always  vifible  and  the  invi- 
fible Stars  in  a  given  Place,  and  touching  the 
Horizon,  are  called,  by  fome  of  the  Ancients, 
(as  Euclid  in  the  Vhanomena^  and  Manilms  in  his 
Afironomy)  the  Volars  of  that  Place,  which  are 
therefore  greater  and  more  remote  from  the  Ce- 
leftial  Pole,  according  as  the  Place,  whofe  Po-i 
lars  they  are,  is  farther  off  from  tht  Terreftrial 
Equator ;  that  is,  as  the  Sphere  is  more  obHque;: 
All  the  Stars    that  lie   between  thefe  Polar? 
have  the  viciffitudes  of  Rifmg  and  Setting,  A*' 
fcenfion  and  Defcenfion.    The  Oblique  Ajcenfion^ 
of  a  Star  or  any  Celeftial  Point,  is  an  Arc  oi 
the  Equator,  reckoned  towards  the  Eaft,  inter4 
cepted  between  the  beginning  of  Aries,  anc| 
that  point  of  the  Equator  that  rifes  togetheil 
with  the  Star,  in  a  given  oblique  Sphere  :  and 
this  is  various  according  to  the  variety  of  obli- 
quity of  the  Sphere.    And  the  Afcsnfional  Diffe'^^ 
rence  is  the  diiFerence  betwixt  the  right  and  ob- 
lique Afcenfion.    And  the  fame  things  are  to  be 
underftood  concerning  the  Oblique  Defcenfion, 

In  a  Parallel  Sphere,  where  the  Horizon  HO^ 
[_Fig,  ;.]  coincides  with  the  Equator  E^,  and 
makes  one  of  the  Parallels  of  the  Diurnal  mo- 
tion, their  Poles  alfo  (namely,  the  Zenith  and 
Pole  of  the  World  )  will  coincide;  and  there- 
fore this  pofition  of  the  Sphere  agrees  only 
with  the  Inhabitants  of  the  two  Poles  of  the 
Earth;  and  all  the  Celeftial  Bodies  orPointSj 

thafe 
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that  defcribe  Circles  parallel  to  the  Equator  by 
the  diurnal  motion,  will  likewife  defcribe  Cir- 
cles parallel  to  the  Horizon.  Upon  this  ac- 
count, there  will  be  no  rifing  or  fetting  at  all 
by  the  diurnal  motion,  and  therefore  no  Afcen- 
fron  or  Defcenfion  in  this  Sphere,  nor  any  Me- 
ridian, fince  it  paffes  thro*  the  Pole  and  Vertex 
of  the  Place  *  and  fince  thefe  two  coincide  in 
this  Sphere,  they  can  t  determine  the  Circle, 
each  Vertical  having  an  equal  rijght  to  claim 
the  name  of  a  Meridian.  The  Ph^enomena  of 
the  Sun  arifing  from  the  Annual  motion  of  the 
Earth,  vifible  in  a  parallel  Sphere,  are  explain- 
ed in  Prop,  1^^.  B.  J  ;  namely,  fuch  as  agree  to 
the  Inhabitants  of  either  Pole.  In  the  apparent 
Syftem  'tis  evident,  that  the  Sun,  during  its  de- 
clining from  the  Equator  towards  that  Pole, 
which  is  in  the  Zenith,  is  always  feen,  and 
makes  the  Day  half  a  Year  long ;  as  on  the 
contrary  'tis  half  a  Year  Night,  while  the  Sun 
declines  towards  the  other  part  of  the  Equator, 
and  confequenily  of  the  Horizon  ;  and  thac  the 
beginning  of  the  Day  and  Night  falls  upon  the 
rSun's  ingrefs  into  the  Equinodial  Points. 

Proposition   VII. 

THE   Latitude  of  the  Tlace  is  r,n  Arc  Jimllar  to 
the  Arc  of  the  'Elevation  of  the  Vole  above  th}* 
lor'tTion. 

Let  ^e^^r  [F/f.  4.]  be  the  Earthy  its  Center 
r,  Poles  ^  and  ^,  Equator  eq.  Let  any  Place 
)n  the  Surface  be  taken,  as  /,  whofe  Latitude  is 
r  e,  an  Arc  of  the  Meridian  intercepted  between 
'.  t  and  the  Equator.  Let  the  Celeflial  Sphere 
)e  concentric,  and  its  Poles,  Equator  and  2vie- 
idian,  B^A^  E  <=^,  and  BEA^y  anfwer  to 
he  Poles,  Equator  and  Meridian  of  the  Earth. 
Let  Z  be  the  Zenith,  and  N  the  Nadir  of  the 

Q.  Place 


Place  •/  •  namely  'm  the  interfeiftions  of  the  Right 
line  Z7,  produced,  with  the  Superficies  of  th€ 
Qeiefii'^l 'Sphere.  Therefore  the  great  CircU 
HOy  in ;  the.  vSph<ere,  defcribed  upon  the  Pol^ 
Z  and  iV,  is  the  Horizon  of  the  Place ;  and  th« 
iijcc  of:  the  Meridian  O  By  is  the  height  of  the 
vidblePole  j^  above  the  Horizon ;;  and  this,  ] 
fay,  js  fimilar .  toj the  Arc  ley  namely,  to  the 
Latitude  of  the  Place.  For,  fmce  ^and  B  art 
the  Poles  of  the  Circle  E  ^y  the  Angle  5  Ti 
is  right ;  (by  Frop,  lo,  B.i.  ofTheoJ.  Sphar»)  anc 
for  the  fame  reafqn,  'the  Angle  Z  TO  is  right 
If  therefore  from  tfee  .equal  Angles  ETBy  ZTo 
you  take  the  common  Angle  Z  TBy  the  re<: 
maining  Angles  ET^Z^  BTO,  will  be  equal 
And  therefore  f  by  Pro^.  ^3.  Elem,6.)ihQ  Arq: 
€  ly  BOy  they  Hand  upon  at  the  Center,are  fimi 
kr. 

Prgp-osition  VIII. 

TO .  explain  the  Cattfes  of  the  Crepufcal^m  or  Tv^ 
light y  and  to, define  its  Limits*-      _; .  :j 

The  Twilight  is  that  dubious  light,  whiei 
we  have  before  the  Sun  rifes  and  after  the  Suii 
fets.  If  there  were  no  Atmofphere  about  tlw 
the  Earth,  nor  any  brightnels  from  the  Auh 
?^therea  that  is  near  the  S,un,  fo  fopn  as  by  thi 
diurnal  motion  of  the  Earth  any  place  upon  iti 
furface  comes  within  the  fhadow  of  the  Earth 
by  the  diurnal  motion  of  the  Earth,  or  fo  foor 
as  the  Sun  defcends  below  the  Horizon  of  tha 
Place,  there  w-ould  be  nothing  but  mere  Dark 
nefs ;  becaufe  the  Spedator  being  forfaken  bi 
theRays  of  the  Sun,  is  left  deftitute  of  Light 
But  not  only,  th-e  Sun>  but  the  Ethereal  Aurc 
that  is  fpreadahput:  the  Sun  very  .nearly  to  i 
(and  its  inflamed  Atmofphere  as  iA^werej  do  al 
fo  fhine  and giya  fQme  lisht  ;..Kow,  this  fpend 
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ing  more  time  than  the  Stin  does  in  rifing 
Of  fetting,  before  Sun  rife  the  Aurora  fliines 
out  in  a  manifeftly  Circular  figure^  rifing  into 
the  brightnefs  of  the  fame  figure  with  that  of 
the  Segment  of  the  Circle^  t>at  is  already  rifett 
bf  the  Atmofphere  of  the  Sun^  and  incirely  difr 
ferent  from  that,  which  proceeds  from  the  il* 
lamination  of  the  Atmofphere  of  the  Earthy 
made  by  the  Sun  :  Which  is  to  be  underftdod  in 
like  manner  concerning  the    Twilight  afcef 
Sun-fer.    Becaufe  the  matter  thac   thus  fliines^ 
By  reafon  of  the  nearnefs  of  the  Sun>  ihines 
fometimes  more,  fometimes  left,  the  bounda- 
ries of  the  Twilight,  which  arifes  from  thence 
rre  not  fo  certain,  efpecially.  when  ic  ads  iri 
:pnjun6liofi  with  the  other  and  more  powerful 
;aiiie  of  this  dubious  Light.    For  after  that  the 
^habitant  of  the  Earth  Handing  upon  its  fur^ 
'ace  fomething  beyond  the  bounds  of  Light,  n 
evolved  into  the  fhadbw  of  the  Earth,  the  At-^ 
Tiofphere  that  furrounds  tlie  Earth  and  is  et^ 
)anded  to  a  confiderable  diftance  above  th^ 
^rth,  is  ftill  inlighten'd,  and  does  alfo  inligh* 
en  the  Place  where  the  Obferyer  flandi  with 
ts  refleded  Rays.    This  caufe  is  often  upori 
he  change,  according  as  more  or  f<$wer'  Par4 
icles   fit    for  refleding  or  other    ways  con-^ 
'eying  the  rays  of  the  Sun  to  us,  are  found 
ufpended  in  the  Air;  and  according  as  thefe 
^articles  get  up  to  a  greater  or  lefs  height^ 
vhich  depends  upon  the  gravity  of  the  Air  (it 
)eing  the  Fluid  in  which  they  fwim,)  that  \s 
hewn  by  the  Barometer.    For  if  they   hang 
ow  .and  very  near  the  furface  of  the  Earthy 
'ven  thefe  alfo  foon  ceafe  to  receive  any  of  the 
lays  of  light,  being  revolved  prefently  after- 
vards,  together  with  the  Place  over  which  they 
lang^  into  the  Earth's  fliadoWv    If  they  are  ei- 
Q  z  sher 
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thervery  rare  as  they  float  in  the  expande(^ 
fpace,  or  unfit  to  rsfied  the  Light,  they  wil 
return  to  us  either  fuch  a  Light  from  the  Sun  a 
is  nothing  to  fpeak  of,  or  at  leaft  fo  weak  an< 
thin  as  not  capable  of  affeding  our  Sight,  a 
we  really  experience  in  all  the  expanded  fpace 
that  lies  without  the  Earth's  fhadovv  ;  for  tho'i 
lies  perpetually  open  to  the  Sun's  Rays,  yet  i 
fends  back  to  us  fo  weak  and  faint  a  Light,  tha 
it  fcarce  deferves  that  name. 

Tho'  the  duration  of  the  Twilight  dependini 
upon  both  thefe  caufes  is  various,  yet  *tis  ceij 
tain,  that  the  beginning  of  the  Morning  Twij 
light  happens  generally  about  the  time  tha 
the  Sun  is  not  above  i8  Degrees  below  th 
Horizon  ;  and  that  the  Evening  Twilight  end 
about  the  {ame  time,  or  when  the  Sun  is  gc^ 
to  the  like  degree  of  depreffion  below  the  Horii 
zon.  Tycbo  would  have  this  depreffion  of  thi 
Sun  that  bounds  the  Twilight  to  be  16  Degreeii 
Others  extend  it  to  19;  that  is,  till  the  leal' 
Fix'd  Stars  become  vifible.  Caffini  from  his  ow; 
Obfervation,  extends  it  only  to  17  Degreei' 
Ricciolus  finds  by  his  Obfervations,  that  'tis  no 
the  fame  in  the  Morning  as  it  is  in  the  Evening 
and  that  it  is  dilFerent  in  different  Seafons  c 
the  Year. 

SCHOLIUM. 

There  is  a  Light  that  feems  very  near  a-ki; 
to  the  Twilight,  which  was  firft  obferved  b; 
the  Quick-fighted  Mr.  CaUtnly  in  the  Year  1683 
a  little  before  the  Vernal  Equinox  in  the  Evenj 
ing,  and  extended  along  the  Ecliptic  from  thi 
Sun  towards  the  Eaft.  The  Obfervations  mad 
afterwards  by.  Mr.  Cafmi  and  Fatio,  evince 
that  this  Light  is  diffufed  from  both  fides  olth 
Sun  almoft  along  the  Ecliptic,  but  ordinarily 
deflet5ts  3  little  from  it  towards  the  North  rathe 

tha, 
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than  the  South.    Its  form  is  pointed  on  both 
fides ',  its   two  points  being  fometimes  more, 
fometimes  lefs  diftant  from  the  Sun,  at  firft  a- 
bout  two   Signs  or  a  little  more;  but  three 
Years  after,  its  diftance  from  the  Sun  encreafed 
to  three  Signs  or  loo  Degrees:  Its  breadth  is 
above  30  Deg.  near  the  Horizon.     But  it  can't 
be  feen  where  it  is  broadeft ;  namely,  juft  at 
the  Sun  it  itfelf  along  the  Circle  of  its  breadth. 
Its  fides  are  ftreight,  bating  its  being  gibbous 
a  little  fometimes  about  the  middle,  between 
the  Sun  and  either  Point,  and  they  are  inclined 
to  one  another,  fometimes  at    a  greater  and 
fometimes   a  lefs    Angle.    This  Angle  in  its 
mean  bignefs^  is  about  21  Degrees.     From  the 
whole,  it  is  evident,  that  this  Luminous  Phe- 
nomenon moves  together  with  the  Sun,  juft  as 
that  does,  thro'  the  Ecliptic ;  which  is  alio  true 
of  both  the  Points,  allowing  for  their  greater 
or  lefs  diftance  from  the  Sun  during  the  increale 
or  decreafe  of  the  whole.    The  brightnefs  of  it 
is  much  like  that  of  the  Milky  Way,  or  the  Tail 
of  a  Comet,  and  is  pellucid  like  the  latter,*  'tis 
greater  in  the  middle,  lefs  towards  the  extremes, 
and  fenfibly  decreafing,  till  it  vanifiies  in  the 
furrounding   Blue    of  the   Heavens :    From 
hence  it  appears  to  different  Obfervers,  accord- 
ing to  the  fharpnefs  of  their  Sight,  at  the  fame 
Time  and  Place,  of  a  different  magnitude,  and 
according  as  the  Heavens  are  clear  or  cloudy, 
.and  the  trueTwilight  and  brighter  Stars  are  pre- 
Tent  or  abfent,  it  is  more  or  lefs  extended  and 
?'ariou(ly  terminated,  and  appears  fainter  always 
in  the  Morning  than  in  the  Evening.    This 
light,  by   reafon  of  the    Twilight  lafting  all 
Night  long,  can  t  be  feen  in  the  midft  of  Sum- 
ner in  the  Regions  about  either  Pole ;  but  in 
^he  Morning  and  Evening  of  the  the  fame  Day 
Qj  it 
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it  may  be  ftep  afeout  ihe  middle  of  Winter  i(tl 
ths  Moon  be  ftway.)  in  places  near  the  Equai 
tor  it  may  be.  feep  ■  at  any:  tii;ne  of  the  Yeai 
And  in.  aoy  pl^cC;  it  is^brighter^  the  more  ej 
red,  it  is,  in  regard  of  the  Hari;zon  ^.becaufe  i 
id  then  more  out  of  the  Twilight  and    Vapciir 
that  hang  about  the  Horizon  :  And  therefore  i 
is  beft.feen  in  thcfe  Northern  .Regions  in  th( 
Morning  after  the  Vernal  Equinox^   in  the  be 
ginning  o^  OBoker  ;  and  in  the  Evening,  at  thi 
end  oi  February  i  tbe  Ecliptic,  along  which  v:  i 
fpread,  being  then  rnore  ered  in  regard  of  tb 
Horizon,(in  the  beginning  and  end  of  the  Tvvi 
light,  which  is  then  fliorteftj  the  Equincf 
•Points  being  at  that  time  in  the  Horizon. 

TheBody  (or  rather  colledion  of  Corpufc 
whofe  appearances  thefe  are^  feems  to  furroMM 
the  Body  of  the  Sun  in  the  form  of  a  Lens  ^ 
Mr.  Fatl.0'  conjedures.     The  Plane    thro'  tlji^i 
edge,  of  the  Lens  is  in  the  Plane  of  the  EcJip  '  ■' 
or  3t  leaft  not ;  far  from  it :  The  Edge  itfe^ 
between  the  Orbits  of  Venus  andthe  JEarth^ 
nearer  to  the  latter.     The  Particles  w^hich  nii 
up. this  lentiform.  fpace  (like  the  particles  of  tb(j 
§un's  Atmofphere,  of  which,  we  fpoke  but  jufl; 
apw).  feern  to  praduce  the  abovemention'd  ap- 
pearance,  by  rt. fleeing  the  light  lof  the  Sun. 

For  a  Ring  wtoie.  ;oppo(ite  ^  Faces^  are  .planfl, 
a^d  parallel/ wQuid  appear  in  the  form  of  an 
Elllipie,  more  obtufe  towards  the  Points  thaa 
this  Phenomenon,  Mr.  C^ffini  takes  thefe  par.: 
tides  refleaing  the^un's  light,  Qontained  in  this 
fpace,  for  an  infinite  ni^mber  of  PJanets,  fmce 
being  feparateditfaej^  would,  lii^e'^he  Planet^, 
exert  their  motions  about  the. Sun  ;  by  which 
method,  th\s  moT;ning  and  ^vmmg  light  owes 
its  original  to  innumerable  Planets,  juft  as  the 
Milky  Way  does  to 'innumerable  Hx'd  Stars. 

Mr;! 
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Mr.F^itJo  fufpeds  that  this  light  is  coeval  with 
the  World  :  Caffinp' on  tire  contrary,  that  it  was 
produced  a  little  before  the  firft  Obfervation  he' 
fead  made  of  ity  and  that  it  was  not  in  being 
two  Years  before/ince  he  had  often  viewedaGd^ 
met  very  intenfely  with  his  Eyes,  in  the'fefue 
place  as  this  Phsenomenon  ought  to  pfoffdll? 
That  it  Hks  appeared  fofttierly,  and  afterwards 
difappeared,  he  thinks  is  very  probable  from 
fbme  ancient  Hiftories  that  feem  to  give  a  de~ 
fcriptibii,  of  It .;  but  efpecially  from  the  Obfer- 
vation of  Mr.   J\  ChiUrey^  who  no  doubt  fa w 
'%  as  is  evidtnt  from  his  defcription,   pag.  185, 
184.  in  the  Aidvertifement  at  thfc  end  of  a  Book^ 
pubiifhed  ^^;;(?  i66iv  in  titled  .^r/fj?2?7/^  Bacontcn  ; 
becaufe  it  appears  even  now  in  the  fame  place, 
and  near  the '  faine  Confellations,  as  it  did  at 
that  time  of  the  Year.     His  Words  are  ihefe : 
There  is  fometht7ig' mpre^  that  we  'i'l'oM^rechnijfitn^rd'' 
the  Ohfcr'vation  of  the  Mathematkidns;  'ndmelyy-that 
in  the  Mmth  of  February,  and  "H'  Uttk  befwe  am 
'after  it  (as  I  ha'veohfernjedfgr  feim^'dTehrsfahot^t 
fix  a  Clock  in  the  Evening y;  when  the  Tvjilight  ha^_ 
entirely  left  the  Hvrizon^a  Tath  of  Light  tending  fro^ 
th'e  Twilight  towards  the  Fleiades,  and  touching  thcTf'f 
as  it  were^  prefented  itfelf  very  flatnly  to  my  Sight, 
This  Vath'is  to  he  feen  whenever  the  'weather  is  cleat '^ 
huthefi  of  all' 'in  a   Night  when  the  Moon  does  not 
fhine.     And  a  little  after  :  Tarn  op  to  believe  thri 
this  Vhanor/iemn  has  been  formerly^  and  will  her eaf^ 
ter  appear  always  at  that  above-mentioned  time  fff 
the  Tear,  But  the  Caufe  and  Nature  of  it^  Ica?rtJo 
much  Usguefs  at  ^  and  therefore  leave  it  to  the  enquiry 
(fPo^erityo 
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Proposition  IX. 

TO  explain  -what  is  meant  by  the  Tcetic  Rijing 
and  Setting  of  the  Starsy  and  the  kinds  ofit* 
namely^  the  Cofmlcal^  Achronical  and  Heliacal 

la  the  foregoing  Propofitions  we  have  treated 
of  the  true  Rifing  and  Setting  of  the  Stars  ^name-; 

ly  of  their  afcent  above  the  Horizon  of  a  cer- ' 

J        ,  j 

tain  Place^  and  defcent  below  it,  or  rather  of 
a  depreffion  of  a  given  Horizon  below  a  Stary, 
and  elevation  of  the  fame  above  it ;  and  that 
without  any  confideration  of  the  Sun.  But  nowi 
the  Rifing  and  Setting  of  the  Stars  arjs  to  be( 
compared  with  the  motion  of  the  Sun  along  the. 
Ecliptic,  and  confequently  with  the  Daylight! 
and  Seafons  of  the  Year.  For  the  ancient  Huf^ 
bandnien,  and  from  their  traditions  the  Wri-t 
ters  of  Husbandry,  as  alfo  Phyficians,  Poets 
and  Hiftorians,  have  made  ufe  of  thefe  marks 
to  exprefs  the  Seafons  of  the  Year  by,  and  con^j 
fequently  none  of  them  can  be  underftood  with-^! 
out  an  explication  of  thefe  Terms. 

There  are  ufually  reckoned  three  kinds  of  the 
Poetic  rifing  and  fetting  of  a  Star,  The  Co/mi-' ■. 
caly  Achronical  and  Heliacal.     A  Star  is  faid  to  rifftt 
Cqjmicallyy  when  it  rifes  together  with  theSun,!^ 
but  to  fet  Cofmically,  when  it  fets  when  the  | 
Sun  rifes ;  fo  that  the  Cofmical  rifing  and  fety 
ting  is  all  one  with  the  Morning  rifing  or  kt^\ 
ting,  as  if  the  beginning  of  the  Artificial  Day, 
or  the  Rifing  of  the  Sun,  were  the  fame  with  | 
that  of  the  World.     A  Star  is  faid  to  rife  or  fet 
Achronicallyy  that  rifes  or  fets  when  the  Sun  fets; 
and  confequently  the  Achronical  rifing  or  fet- 
ting is  all  one  with  with  the  Evening  ones. 
Kefler  maintains  that  thefe  words  are  to  be  ta- 
ken in  another  fenfe ;  namely,  fo  as  that  to  rife 
and  fet  Cofmically^  fignifies  the  fame  as  to  afcend 

above 
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above  or  defcend  below  the  Horizon ;  but  that 
to  rife  or  fee  Achronkally^  is  the  fame  as  to  rife 
or  fet  in  the  Sun's  oppofite,  or  in  the  other  A- 
chron  or  extreme  of  the  Night:  In  which  fenfe 
Ptolemy y  and  to  this  day  moft  Aftronomers  fay, 
a  Planet  is  Achronical,  when  it  is  oppofite  to  the 
Sun  and  bright  all  the  Night :  So  that  to  rife 
Achronically  is,  as  ufual,  the  fame  as  to  rife 
when  the  Sun  is  fetting ;  but  to  fet  Achroni- 
{Cally,  is  to  fet  when  the  Sun  is  rifing;  which  is 
{Commonly  called  the  Cofmical  fetting. 

A  Star  rifes  Heliacally,  when  it  before  lay  hid 
under  theRaysof  theSun,fo  asthat  it  did  rife  and 
fet  together  with  the  Sun,  but  now  gets  fomuch 
out  of  the  Rays  of  the  Sun,  as  when  the  Sun  is 
below  the  Horizon  the  Star  becomes  vifible, 
being  to  fet  foon  after  under  the  Horizon,  or  to 
difappear  by  the  fupervention  of  the  Daylight. 
That  Star  is  faid  to  fet  Heliacallyy  which  was 
lately  feen  above  the  Horizon  when  the  Sun 
,  was  not  much  below  the  Horizon,  but  now  has 
hid  itfelf  fo  much  among  the  Rays  of  the  Sun, 
that  the  next  Day  being  rifcn  above  the  Hori- 
.  zon,  or  juft  fetting  below  it,  it  can  no  more  be 
feen.    If  there  were  no  Twilight,  this  Helia- 
cal rifing  and  fetting  of  the  fame  Star  for  rather 
Apparition  and  Occultation,)  would  not  be  a- 
bove  one  Day  diftant  from  one  another  at  moft. 
For  in  that  cafe  a  Star  would  be  feen  either  before 
Sun-rife,  if  its  Oblique  Afcenfion  in  a  given 
Horizon  were  never  fo  little  lefs  than  that  of 
the  Sun,  or  it  would  be  viiible  after  Sun-fet,  if 
but  never  fo  little    greater.      Nay,  if  there 
were  no  Atmofphere  at  all,  the  fmallelt  Stars 
would  be  vifible  even  in  the  Daytime  when  the 
Sun  fhines.     For  the  reafon  why  they  don't  ap- 
pear is  this :  The  particles  of  the  Atmofphere 
enlightened  ftrongly  by  the  Sun^  afFed  the  Eye 

of 
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of  the  Spectator  with  fo  vivid  a  light,  that  the 
Retina  (or  whatever  it  be  that  is  the  Senfor  of 
Sight)  is  fcarce  moved  by  the  very  weak  image 
of  the  Star,  and  confequently  can't  take  notice 
of  it  or  fee.    But  if  there  w^re  no  Atmofphsre 
fpread  about  the  Earth,  nor  any  furrounding 
Terreftrial  Bodies  that  refled:  Light ;  if  the  djt- 
red  Rays  of  the  Sun  were  turned  olEF from  the' 
Eye,  the  Eye  thus  free  from  the  Rays  of  a  Body! 
either  very  bright  in  itfelf,  or  ftrongly  enligh- 
tened, would  fee  clearly  fas  it  does  liow  in  the  I 
Night)  even  the  fmalleft  Stars,  unleis  they  are' 
hid  under  the  Atmofphere  of  the  Sun :  For  this; 
together  with  the  Body- of  the -Sun,  makeup 
one  lucid  Body.    Since  proportionable  to  th^ 
leiTer  brightnefs  of  a  Star,  there  is  need  oi  % 
greater  depreffion  of  the  Sun  belovir  the  Hori- 
zon, to  make  it  virfible  ;  'tis   evident  that  ti 
Heliacal  fetting  of  the  Sun  is  fdoher,  and  t 
rifing  later.   That  bhe  leaft  Stars  may  be  fee 
the  Twi-Iigh^  muft  be  quite  over,  or  the  Sd 
muftbefuU  i8Deg.  below  the  Horizon;  Fori 
the  feeing  of  a  Star  of  the  fixth Magnitude,  the 
Sun  muft  bef  17°;  and  foon,'till  you  come  to  the 
Stars  of  the  firft  Magnitude,  which  are  to  be 
feen  in  that  part  of  the  HoHzOn  which  is  tof- 
wards  the  Sun,  when  the  Sun  is  12^.     TK^ 
Planets  fhine  with  a  brighter  and  fuller  ligb^ 
and  therefore  have  no  need  of  (b  great  a  depri& 
iion  of  the  Sun  below  the  Horizoii,  fo  that"  i  i 
Degrees  are  enough  for  the  feeing  of  Mars  and 
Saturn;  about  10  for  Jupiter  and   Mercury ; 
and  ^  deg.  are  commonly  look'd  upon  as  necef- 
fary  for  Venus,  tho'  it  has  been  frequently  feen 
while  the  Sun  ftione,  and  not  at  an  Heliacal 
Pvifing  or  Setting.     But  thefe  things  in  the  Pla- 
nets depend  upon  their  various  diftance  from 
the  Earth,  and  the  more  or  l^fs^fiillnefs  of  the 
Orb  of  the  Inferior.  All 
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All  the  Fix  d  Stars  under   the  Zodiac^  ^rid 

|he    fuperior   Planets ,    Samrn,  Jupiter    and 

dMars,  the  Sun  in  its  Anritial  Motion  towai4s 

|he  Eaft  getting  before   tliem,  rife  Heliaca!- 

Jy  in  the  morhing,  a    lit^tre  before  Sun-rif^ ; 

that  is,  ^'  few  days  after ^thejf  Cofmical   ri- 

flng:    They  fet   Heliacally.^^tn'  tfit  evenings 

^namely,  a  Htcie  before  their  Ac^hrohicalfeitting. 

But  the  Moon,  which  always  getf  before  the 

Sun,  rifes  Heliacally    in  the  Eveiiing^  wheti 

its  very^aM  and  haftens  to  a  C^niahSion  with 

thb  Sun.  T^e  inferior  Planets  "Venus  anci  Mars, 

fometimes  getting  before  the  Sun/  and^t  other 

times'  being  left  behind  by  hifti,  (as  has  been 

ihewn  at  laTge  in*5.  i.  )  fom^times  rife  Helia* 

cally  in  the  morning,  namely,  when  they  are 

Retrograde  •  fometimes  in  the  evening,  when 

they  are  Direct  I  which  is  to  be  underftood  in 

like  manner  of  the  Heliacal  fetting  of  then^. 

But  the  Fix'd  Stars,  placM  a  great  v/ay  from  the 

Zodiac  towards  the  elevated  Pole,  rhay  io  the 

fame  Day  both  rife  and  fet  Heliacally  together^ 

and  undergo  other  changes  in  regard  of  this 

:  kind  of  Riling  or  Setting ;  as  will  appear  to  any 

^erfon  that  fhall  confider  it. 

'The  Grecy.ns   and  Romans  anciently  ufed  a 

Year  not  exactly  fitted  to  the  motion  of  the 

Sun  ,•  and  by  that  means  fometimes  they  vir^tt 

before  the  Sun,  and  fometimes  behind  hiiti.  But 

the  Seafons  of  the  Year  not  returning  with  their 

erroneous  Calendar,  biit  with  the  Sun  and  the 

Solftices;    that  their  Country,   Domeftic,  or 

Military  Affairs  might  be  difpatched  in  their 

proper  Seafons,  the  Ancients  propofed  the  ri- 

fing  and  fetting  of  the  Stars  inflead  of  a  Calen^ 

dar.    For  the  Fix'd  Stars  moving^from  the  E- 

iquinodial  Points  but  very   flowly,  and  by  a 

motion  not  then  taken  notice  of,  they  made 

no 
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no  queftion,  but  that  the  Sun  returning  to  the 
fame  place  in  refped:  of  the  fame  Fix'd  Star, 
did  alike  come  again  to  the  fame  Station  in  re- 1 
fped  of  the  Equinoxes  or  Solftices ;    that  is,i 
when  the  fame  Star  rifes  or  fets  Cofmically, ; 
Achronically,  or  Heliacally,  (which  they  chief-  i 
ly  regarded,;  that  the  fame  feafon  of  the  Year 
was  reftored  to  the  Globe,  and  confequently, 
that  the  fame  labours  or  affairs  were  to  be  re- 1 
turned  to ;  from  hence  they  called  the  ftated  ^ 
Seafons  of  the  Year  Sydera,  or  the  St;irs,    But 
it  is  found  that  the  Fixed  Stars,  after  a  long  fe^ 
ries  of  Years,  remove  out  of  their  places  ^  and 
therefore,   if  the  Day  of  the  Rifing  or  Set^ 
ting  of  the  Fix'd  Star  given  among  the  An^ 
cients  is  to  be  reduced  to  our  Calendar^,  an  ac- 
count is  to  be  takeriof  the  motion  of  ^he  tixd 
Stars  in  the  intermediate  time.  And  now-a-days 
_Calendars  may  eafily  be  had,  and  the  Roman 
"Calendar  ("which  we  ufe,J  comes  nearer  to  the 
Motion  of  the  Sun,  upon  which  the  Seafons  of 
the  Years  depend  and  are  ordered,  than  the  Ri- 
fing  and  Setting  of  the  Fix  d  Stars ;  the  obfer- 
ving  their  Rifmg  and  Setting  came  to  be  neg- 
leded  by  degrees,   and  is  not  ufed   by  any, 
but  the  Poets,  who  are  wont  to  defcribe  and 
paint  out  as  it  were  the  feveral  Seafons  by  the 
circumftances  of  the  various  Rifmg  and  Setting 
of  fo  many  Stars,  than  which  nothing  is  more 
beautiful  and  affecting ;  tho'  it  be  generally  done 
by  them  very  erroneoufly,  becaufe  they  de- 
fcribe at  this  time  the  Day  of  our  Calendar  by 
that  Rifing  of  the  fame  Star  by  which  it  would 
have  been  juftly  defcribed  in  the  time  of  C^far ; 
whereas  the  difference  between  thefe  two  times 
is  nearly  14  Days. 


Secti^ 
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Section  IL 

Of  the  Divifiop  of  Time,  and  feveral  other 
things  depending  thereon. 

Proposition  X. 

TO  exfjain  the  Dl'vijton  of  Time  into  Hour  si 
Days  and  IVeeks^  and  the  Terms  ufed  in  AfirA* 
nomy  defending  thereon. 

We  have  thus  far  been  explaining  the  gene- 
ration of  the  Circles  of  the  Sphere  in  the  appa- 
rent Syftem  of  the  World,  and  the  more  ufual 
Terms  in  Aftronomy  depending  thereon :  But 
feeing  there  are  no  terms  in  Aftronomy  that 
occur  oftener  than  thofe,  whereby  Time  or  any 
fpace  of  it  is  expreiTed  •  'tis  neceffary  to  treat  a 
little  concerning  them,and  to  Ihew,  by  the  way, 
the  Civil  difpofition  of  Time,  fo  far  as  it  is 
ufed  in  an  Aftronomical  Calculation. 

The  moft  confiderable  parts  of  Time  are,  a 
T>ay^  an  Houry  Month  and  Year.  The  firft  of  chemi " 
IS  a  Dayy  (becaufe  a  fpace  of  Time  moft  obvi- 
ous and  known  by  us^)  and  it  is  either  Natural 
or  Artificial.  A  Natural  Day  the  duration  of  an 
ihtire  apparent  revolution  of  the  Sun  about  the 
Earth.  The  Artificial  is  that  part  of  the  Naturalj^ 
during  which  the  Sun  is  above  the  Horizon  j 
and  it  is  oppofed  to  the  Night ,  which  is  taken 
for  the  Sun*s  continuance  below  the  fame :  But 
the  Natural  Day  takes  in  both.  The  Natural 
Day  is  either  the  Aftronomical  or  Civil ;  and 
they  differ  from  one  another  only  as  to  their  be- 
ginning, according  to  the  cuftom  of  the  People, 
and  fettlement  of  the  Aftronomers.  The  Aftro- 
nomical Day  is  the  fpace  of  time  which  flows 

betweea 
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between  the  Sun's  leaving  a  given  Celeftial 
Meridian,  and  next  return  to  the  fame*  thati 
is,  the  fpace  wherein  a  revolution  of  the  whole i 
Celeftial  Equator  is  performed,  and  of  that  pare, 
of  it  befides  which  anfwers  to  a  portion  of  thq  I 
Ecliptic,  which  the  Sun  defcrifces  in  the  meatril 
while  by  its  Annual  motion  towards  the  Eaft* 
Becaufe  this  portion  of  the  Equator  to  be  added 
to  the  intire  Equator  is  not  every  where  equal, 
(tbo'  its  mean  Quantity  is  nearly  that  of  one  \ 
Degree,). as  well  on  the  account  of 'the  Obli* 
quity  of  the  Ecliptic,  as  that  the  apparent  An^ 
naual  motion  of  the  Sun  about  the  Earth  is  not 
equable,  the  Natural  or  Aftronomical  Days  are 
not  precifely  equal:  But  of  this  inequality  of 
the  Natural  Days,  I  (hall  treat  in  its  proper: 
place  afterwards  y  taking  no  notice  at  prefent  of 
this  nicety.  Moll  Aftronomers  begin  the  Day» 
Ztnooni  'but  Cofernifus  following  BifparchUi 
begins  it  at  Night,  and  this  beginning  is  retain^ 
€d  in  the  Trutemc  Tables.  Differing  Natioqf 
make  different  beginnings  of  the  Day.  The 
BahylonUns  begin  their  Day  with  the  Rtiing  of 
the  Sun  5  The  Jews  and  Athenians  with  the  Set>- 
ting  of  the  Sun,  as  the  Italians  do  ftill.  The 
Egyptians  at  Midnight  f  which  is  the  cuftom  of 
th^  Britainsy  French y  Germans,  and  feveral  othe:^ 
Etirofean  nations.  And  anciently  the  fame  wa$ 
done  by  the  jFeM;j-  For  we  naturally  refer 
tiie  Night,  which  wefpend.in  fleep  and  filence, 
partly  tp  the  preceding,  and  partly  to  the  folio w- 
lowingDay^  that  is,  Vv^e,  begin  the  Nt/x-S-"!"^-?'^? 
at  Midnight.  The  Uw^ri  anciently  made  the 
Noon  to  be  the  beginning  of  their  Day,  ancf 
this  the  Arahians  obferve  at  this  time^ 

Tho'  the   Artificial   Day  was  hardly  divi* 

8ed .  anciently  any  other  way   than  into  the 

Mbining  and  the  Evening,  and  the  Night  into 

- "  ■    Watches-, 
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Watches^  yet;afterwards  the^  Natural  Day  was 
divided  morp  accurately  into  ^14  parts,  called 
{ii)$trs.    Hours  are  either  equal  or  unequal.    An 
Equal  Hour  is  the  four  and;  twentieth  part  of  ^ 
iSjatural  Day.    This  fort  of  Hour  was  always 
uied  by  Aftronomef  5,  and  is  now  in  ufe  among 
almoft  all  Nations.     The  Italians  reckon  the 
Hours  frorn   One    to   24^    from  the    begins 
riing  of  the  Night ;  (that  being  the  beginning, 
of  the  Natural  Day,)  and  their  Clocks  are  made 
after  that  manner.    But  We,  the  French,  &u 
r^ckoanot  24,  but  twice  12  Hours  ^v perhaps 
:hat  the  number  of  the  Strokes  ftruck  by  the 
Clock  might  riot  be  tedious.     So  that  we  divide 
:he  Day  into  the  Hours  before  Noon  and  the 
Hours  after  Noon.     An  Hour  is  commonly  di- 
vided only  into  four  Quarters  (which  are  called 
jPoints  by  fbme,  j  -a  more  minute  divilion  beings 
n  moft.bufmeffes  unneceflary :  But  the  Aftro- 
lomers  (  and  now  all  the  Politer  fort  of  Peo-^ 
;3ie)  fubdivide  it  into  60  Minutes,  and  reach 
Minute  into  60  Seconds.   An  unequal  Hour  is  the 
iwelfth  part  of  an  Artificial  Day,  as  alfo  the 
:welfth  p^rt  of  tfa^  Night.     -Tis  calf  4  Tempo^ 
rary^  becaufe  of  a  various,  length  jn  different 
Times  or  Seafons  of  the  Year  :  Thus  the  Sum- 
mer Diurnal  hojiir  is  longer  than  the  Winter, 
aad  the  Nodu^^rnal  ihorter ;;  and  the   Diurnal 
hour  iii  SumntCT  is  longer  than  the  Nodurnal^ 
and  in  Winter  fiiorter  :  At  the  time  of  either 
Equinox,  the  Diurjial  hours  are  equal  to  the 
Nocturnal,  and  then  thefe  unequal  hours  be- 
come the  fame  with  the  equal  ones  defcribed  a- 
bove;  upon  which  account  thefe  equal  hours  are 
called  by  Authors  EquinoBial  Hours.   The  Jepifi^ 
Grecians,  and  Romans  made  ufe  of  thefe  Tempo- 
rary hours.    Such  as  begin  the  Civil  Day,  ac 
the  Morning  or  Evening,  do  it  becaufe  the  Sun 

is 
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is  then  in  the  Horizon,  the  mod  fenfible  of  al! 
the  Circles. of  the  Sphere.  They  have  this  ad- 
vantage, that  by  the  number  of  their  equal 
Hours  they  know  how  much  of  the  natural 
Day,  that  is,  how  much  time  is  gone  fince  Sun 
rife;  but  they  have  this  difadvantage,  that  the 
times  of  the  Sun-fct,  Noon  and  Midnight,  m 
different  Seafons  of  the  Year,  are  marked  with 
different  numbers  of  the  Hours,  and  they  can't 
be  known  Kut  by  Calculation  :  They  likewife 
have  this  advantage,  they  immediately  know 
how  much  time  remains  till  Sun-fet,  and  fo 
know  how  to  accommodate  theirLabours  orTra* 
vail  to  it ;  and  this  difadvantage  again,  that 
they  can't  reckon  the  Hour  of  Sun  rife,  Noon^ 
or  Midnight,  without  computing.  Such  as  be- 
gin the  Civil  Day  from  Noon  or  Midnight,  dor> 
it,  becaufe  the  Sun  is  then  at  his  greateft  Ele-| 
vation  or  Depreflion ;  but  the  name  of  the  Hour  | 
of  Sun  rife  or  Sun  fet,  they  get  only  by  Com-; 
puting.  Laftly,  fuch  as  (hou'd  ufe  the  unequal 
Hours,  jufl  now  defcribed,  could  always  tell 
Sun  rife  or  Sun  fet  by  the  twelfth  hour ;  Noon  i 
and  Midnight  always  by  their  fixth;  but  could 
know  the  Quantity  of  the  Hour  only  by  CaH 
culation.  ' 

A  Week  is  the  ancienteft  coUe<ftion  of  Days  asi 
ever  was ;  as  is  evident  from  the  Sacred  Writ- 
ings.   The  Jevjs  ufed  this  colledion  of  old,  and 
fince  the  reception  of  Chriftianity,  other  Na-i 
dons  too :  Every  Day  of  it  has  a  name  given  to  • 
it  from  fomeof  the  Planets,  after  the  following 
manner:  The  Hours  of  the  natural  Day  are 
four  and  twenty,  the  Planets  bur  feven,  and  in, 
this  order  in  the  common  Syftem,  Saturn,  Ju-^ :| 
piter.  Mars,  Sol,  Venus,  Mercury,  the  Moon  j 
they  began  at  the  firft  Day  of  the  Jev^lfi  Week, 
afgribing  to  the  Sun  (the  Author  of  the  Day) 

the. 
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the  firft  Hour  of  it,  to  Venus  the  fecond,  to 
Mercury  ttie  third,  to  the  Moon  the  fourth^ 
then  beginning  from  Saturn,  they  affign'd  the 
fifth  Hour  to  him,  and  fo  on ;  by  this  means  th^ 
firft  Hour  of  the  following  Day  happens  to  the 
Moon,  and  flie  therefore  beftoWs  a  name  uport 
that  Day  of  the  VVeek  from  her  own;  which 
method  is  continued  in  the  following  Days  td 
the  end  of  the  Week* 

POPO^ITION   5CI. 
fnipd   exfhin   the   dlvijion  Gf  Time  into  Aionthsi 
"' \^     Tears y  a?id  the  ^various  jorts  and  coUeclions  of 
'hew. 

Tho'  a  Month  te  properly  that  fpace  of  timd 

vherein  the  Moon  goes  thro'  the  Zodiac ;  yec 

jnce  there  are  about  twelve  Months  that  pals 

lyhile  the  Sun   runs  once  thro'  the  Ecliptic,^ 

fiat  fpace  of  time  alfo  wherein  the^  Sun  runs 

hro'  one  Sign  of  the  Zodiac,  is  ealf  d  a  Solar^ 

llonth ;  "w^ach  is  about  56-7  Days.    Again,  the 

■Mnar  Month  is  either  ?eriodtc,  in  which  the 

Vioon  having  departed  from  any  Point  of  thei 

Zodiac  returns  to  it  agair>,  and  is  fomething 

efs  than  27  Da^^s;  or  Synodic,^  which  is  fome- 

hing  more  than  29  4  Days,  whereiri  the  Moonf 

lihs  thro'  all  its  feveral  Phafcs,  and  on  that  ao- 

ount  is  of  principal  ufe  in  the  marking  of 

rime.      Both    the  Solar  and  Synodic  Lunar 

^onth,    is   either  Afironomlc4   (of  which  we^ 

lave  fpoken  alres^dy)  or  CMl,  according  to  the 

ifFererit    cuftom  and  inftitution  of  each  Na- 

ion.     For  fome,  as  the  Egyptians,  liked  the  ::>o^ 

ir  Months,  arid  made  each  of  them  to  confiff 

•f  ;o  Days  j  and  to  compleat  the  Year,  at  the 

nd  of  twelve  fuch  Months  they  annexed  ^yio 

)ays,  made  up  of  thofe  twelve  times  ten  Hours, 

hat  each  Solar  Month  exceeds  50  Dayj  by, 
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'V         , :  :  ■  '..  ':•■'  o  ':"  r '"    .  ■'  * 

But  moft  of  the  Ancients  fancied  the  Synodic 
Lunar  Month  tnojft.:,  fuch  as  the  j^ei//j  anciently^ 
die  Grecians  zha  Rowans ^  to  ynUus  Cafars  time; 
and  the  Mahometans  'at  this  time.  But  that  thefe 
fort  of  Lunar  Months,  that  do  not  confill  oi 
whole  days,  might  be  ficted  to  Civil  ufe  (where 
pieces  of  days  can  the  taken  notice  of,  and  con- 
fidered,)  they  made  their  Civil  Months  alter- 
nately of  2  0  and  29  daj^s,  f calling  the  former 
Full^  and  this  Ca'Ve  Month ;  )  fo  that  two  fuch 
Months  are  equal  to  two  Lunar  Months  of  29 1 
days  a  piece  ^  and  the  New  Moon  would  not 
fenfibly  remove  from  the  firft  day  of  the  Civil 
Month  in  the  courfe  of  fome  Years. 

A  Year  is  fometimes  taken  for  the  timte  of  thel 
revolution  of  a  Planet  through  the  Zodiac  •  in' 
which  fenfe  a  Month  is  fometimes  called  a 
Year:  and  fometimes  for  the  time  of  an  intrrej 
apparent  revolution  of  the  Fix'd  Stars  thro'  the 
Zodiac,  which  they  call  the  Annus  magnus^  Oi 
Great  Tear,  But  a  Tear  h  properly  that  rimei: 
which  the  Sun  takes  to  run  thro'  the  Zodiac  in. 
And  it  is  of  two  forts,  the  Aftronomic  and  tki 
Civil :  The  Aftronomic  is  alfo  twofold,  ac- 
cording  to  the  two  different  bounds  of  the  Sun'j. 
revolution^  namely,  the  Sydereal  and  Tropi- 
cal. The  Syderial  Year  is  the  fpace  of  time^: 
that'the  Sun  having  departed  from  a  Fix'd  Star 
returns  to  the  fame  in;  and  it  is  365-  Days,  6 
Hours,  and  10  Minutes  nearly.  The  Troftcai 
Yearis  that  wherein  the  Sun  departing  from  one 
of  the  Cardinal  points,  the  Equino^iial  or  SqI- 
ilitial,  returns  to  it  again  3  and  is  fomething  lefs 
than  the  Sydereal,  becaufe  the  Cardinal  points 
of  the  Ecliptic  themfelves  go  backwards,  and 
as  it  were  meeting  the  Sun^  make  the  Sun  to  re- 
turn to  the  fame  point  of  the  Ecliptic  fome- 
diing  fooner  than  to  the  fame  Fix  d  Star^  where 

that 
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that  point  of  the  Ecliptic  was,  when  the  Suri 
Was  before  in  the  laid  Point.  This  Tropical 
year  is  ^65'  Days,  f  Hours,  49-  Minutes  very 
near  3-  and  wants  about  21  Minutes  of  the  Sy- 
dereal. 

The  Cl^il  Year  is  the  fpaCe  of  time,  tha^  tha 
tnotion  of  the  Sun  or  Moon,  or  both^  points 
at,  received  by  the  fettled  Cuftom  of  any  Na- 
tion.    Hence  'tis  evident,  that  there  are  three 
forms  of  the  Givil  Year  ;  namely,  either  purely 
Lunar y  or  purely  Solar ^  or  Liim-Solar^  which  is 
made  up  of  both.     The  Limar  Year  coiififcs  of 
twelve  Lunations  Or  Syiiodie  Months  that  are 
finifiied  in  3J4Days,  at  the  end  of  which  the 
i  Year  begins  again.     And  fince  this  Year  waiiti 
^near  11  Days  of  the  Tropical  Year,  that  brings 
i  the  Seafons  over  again  ^  it  comes  to  pafs,  that 
ithe  beginning  of  this  Year  falling  upon  the 
i'Spring  now,  in  8  Years  time  would  fall  ilpoii 
'  tVijuer,  and  after  as  many  more  upon  Autumn^; 
ithen  upon  Summer,  and  lafily,  at  the  end  of;; 
[Years  return  to  the  Spring  again.     And  this  is 
^4alled  the  Wandring  Lunar  Tear ;  becaufe  its  be- 
ginning wanders  thro'  all  the  Seafons  of  the? 
Year,  and  that  in  the  memory  of  one  Man, 
Tis  called  alfo  Annus  Solutus,  becaufe  fr^e  and 
difengaged  frorn  the  motion  of  the  Sun,  Which 
isnotat  all  eonfidered  in  the  ordering  of  it  This 
fort  of  Year  is  in  ufe  among  the  Turks ^  and 
feems  to  be  found  out  at  firft  in  thofe  Countries^ 
where  the  differences   of  Summer  and  Winter 
are  not  very  evident  and  fenfible  ;  and  where^^ 
for  want  of  Aftronomy,  the  return  of  the  Suri 
to  the  Cardinal  points  of  the  Zodiac,  that  de- 
fines the  Solar  Year,  is  not  eafiiy  knowfi:  Oil 
Which  account  taking  the  Signs  of  the  Seafons 
from  the  Moon,  they  took  the  beginnings  of 
;  their  Years  from  the  beginnings  of  her  Phafes 

R  ;??  of 
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or  Appearances ;  now^  there  is  no'  number  of 
Lunations^  that  comes  fo  near  to  the  Solar  Year 
C  which  they  had  fome  fmall  knowledge  of)  as 
the  Twelve.    I  am  apt  alio  to  think,  the  reaforl 
of  the  beginning  the  Civil  Day  from  the  Sun- 
fet  is  to  be  faken  from  the  Moon :  Becaufe  it 
feems  neceffary  for  them  to  begin  the  Civil  Day, 
wi:h  their  Year   and  Month,  that  is,  with  thav 
New  Ad^oon,  which  at  flrfl:  they  knew  no  other-r 
wife  than  by  the  help  of  their  Eyes;  which  was, 
when  they  laft  the  Nevv-  Moon  in  the  Evening;: 
immediately  after  Sun  fet.     And  upon  this  ac-i 
count,  the  firft,  fecond,  third,  &c.  Day  of  the; 
Month,  was  called  the  firft,  fecond,third  Moon, ' 
and  the  day  of  the  Full  Moon  was  called  con- 
fequently,  the  fourteenth  Moon. 

Such  of  the  Ancients  as  were  willing  to  re-- 
tain  the  Lunar  Y^ear,  thought  it  notwithftand- 
ing  proper  to  adapt  it  fo  to  the  Sun",  that  its 
beginning  might  be  in  a  manner  fix'd,  an^  that  i 
it  might  keep  the  Cardinal  points  of  the  Year*' 
fhewn  by  the  Seafons,    from  receding  riiuch 
from  their  Months ;  and  to  this  purpofe  they  us*d 
Intercalary  or  Embolimean  Months.    And  firft, , 
in  the  fpace  of  three   Years,  they  made  up  an " 
intire  Month   to  be  intercalated  every  third) 
Year,  out  of  the  eleven  odd  Days  in  every  So-< 
lar  Year.     But  becaufe   this  arcifics   was  not 
ex^ad  enough,  in  every  eight  Years  they  inter^. 
calated  three  Months,  every  one  of  w^hich  con- 
fided of  ^50  days,  (namely  at  the   end  of  the 
third,  fifth  and   eighth  Year,  tho'  fome  others 
otherwife,)  and   at    laft  eight   Months   in   19 
Years.     Hence  'tis  evident  that  fome  of  thefe 
Years  are  fimple,  namely  of  :;5'4,  or  ^^^  days, 
the  num  ber  that  there  is  in  the  Wandring  Lunar 
Year  ^  fome  emboli  men  or  intercalary,  of  384 
or  384  days,  vv'hen  there  are  thirteen  Luna- 
tions 
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tjons  in  the- Year.  Thefe  Luni-folaror  fix'd  Lu- 
nar Yqars,  are  ufed  by  the  Jews  and  the  Clergy 
of  the  Roman  Communion. 

There  are  three  forts  of  Solar  Years,  or  fuch 
as  are  fitted  to  the  motion  of  the  Sun  alone 
and  the  viciffitudes   of  the  Seafons  depending 
thereon;    the  Egyftlany    Julian^   2ind  Gregorian. 
The  Egyptian  Tear  confifts  of  365  Days,  which 
t-hey  divided  into  twelve  Months  of  1,0  days  a- 
pieee,  and  five  other  days  (called  i7rctyS[xivai)  ad- 
ded at  the  end  of  them^  as  was  faid  above.     In 
;the  conftitution  of  this  Year  there  is  no  regard 
had  to  the  motion  of  the  Moon  :  But  bt^caufe 
this  Year  wants  j  Hours  49  A4inutes,  or  almofl: 
6  Hours  of  the  Solar  Tropical  Year  •  in  four 
I  Years  time  it  gets  near  a  whole  day  before  the 
[Solar  Tropical  one,  and  in  1460  Years  its  be- 
I  ginning  wanders  thro'  all  the  Sealbns  of  the 
Year  ;  on  which  account  it  may  in  a  manner 
be  called  a  W^-ndring  Year,  altho'  in  the  Age  of 
one  Man,  or  60  Years,  it  does  not  anticipate 
i  above  15:  Days. 

Julius  Cafcir  finding  the  Egypflm  Year  to  get 

{before  the    Tropical,  becaufe  the  fix  Hours, 

:  whereby  it  wants  of  the  Tropical,  are  intirely 

'  negleded  in  its  conftitution  ;  did  therefore  add 

\  thofe  6  Hours  to  each  Julir.n  Year  ;  fo  that  a 

Julian  Year  confifts  of  565"   Days,  fix  Hours. 

'  And  becaufe  this  piece  or  quarter  of  a  Day, 

can  t  be  confidered  or  taken  notice  of  in  Civil 

!  life,  he  added  the  D:^y  made  out  of  them  in 

four  Years  to  every  fourth  Year,  between  the 

'  2;d  and  24th  of  February ^  (becaufe  the  Romans 

while  they  ufed  the  Lunar  Year  before  Cafars 

time,  intercalated  the    Embolimean    month ; ) 

therefore  from  that  time  they  writ  bis  fexto  Ka- 

\  Icndas  Martiiy  or  the  fixth  of  the  Kalends  o^  Mcircb 

R  2  twice: 
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twice;  from  which  cuftom  the  Year  had  the 
name  of  the  Biffextlle, 

And  this  Julkn  Yq2.v  confifting  of  ;65'  Dayj, 
pjrd  adding  in  four  Years  one  Day,  fi;  thac  af- 
ter three  fimple  Years  there  may  follow  a  fourth 
of  566  Days,  is  the  beft  fitted  for  Aftronomical 
Computaiionsj  becaufe  it  is  a  mean  between 
the  Natural  or  Tropical  Year  of  565-  Days",  f\ 
Hours  and  49  Minutes;  and  the  Sydereal  Yean 
of  36^  Daysj  6  Hours  and  10  Mmutcs,  and 
does,  as  it  were,  give  an  ocular  Demonftratiorv 
of  the  natural  regrefs  of  the  Equinoxes.    Thisf 
form  of  the  Year  held  common  among  all  Po^ 
lite  Nations  from  Augufins  (who  reftor'd  it  wheij 
it  was  almoft  loftj  unto  the  Year  ly 82,  when' 
the  Julian  Qaknd^,r  was  reformed  by  Gregory  the 
Xlll^h.    But  it  is  ftill  in  ufe  among  the  Britainsj 
Irijli,  and  others.    Yet  it  muft  be  confefs'd,  that 
the  quantity  of  thQ  J dimt  Year  is  too  big,  on 
which  account  the  beginning  of  this  Year  alfo 
by  little  and  little  creeps  forwards  in  regard  of 
the  Seafons,  or  (which  is  all  one)  the  Times  of 
the  Equinoxes  and  Solilices  creep  backwards  in 
regard  of  .the  Pays  of  this  Year.     And  fince 
this  regrefs  is  about  io±  Minutes  every  Year,  in 
about  132  Years  it  v;iii  be  a  matter  of  a  Day^ 
and  consequently  from  the  Year  of  Chrift  ^ij; 
wherein  the  CoumilofNke  was  held,  to  the  Year 
i|82,  wherein  the  Pope  reformed  the  Calen- 
dar, namely  1260  Years,  this  regrefs  was  a  mat- 
ter of  10  Days.     Flence  it  came  to  pafs,  that 
whereas  in  the  time  of  the  Nkene  Council  the 
Vernal  Equinox  happened  near  about  the  21ft 
day  o^  March ^  in  the  Year  15-82  it  was  found 
t-o  have  crept   up  to  the  nth  oi  March.     That 
he  might   therefore  bring  xhe  Equinox  to  its 
former  place,  ten  days  v^^re  fupprtifed  in  tlie 
Month  of  oaokr,  in  the  Year  1582,  and  the  5'th 

day 
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day  was  ^\l;i  the  fifteenth  ^  by  this  means  what 
would  other  wife  have  been  rhe  nth  day  of  the 
March  fGllowing,  and  the  time  of  the  Equinox;, 
Becomes  the  21ft  oi  March  i  that  is,  the  Equi- 
nox happens  the  fame  day-^  'vlz..  21ft  of  March ^ 
as  it  did  in  the  time  oit\\^ Council  of  Nice ^  which 
fettled  the  time  of  keeping  Eafter.     Still  if  no 
other   reformation  fliould  be  made,  but  the  tar 
king  away  this  ten  days,  the  Cardinal  Points 
would  again  remove  after  the  former  -manner, 
in- feme  Years  time.    The  Pope. therefore  tp 
;  avoid  this,  order'd  that  once  in  i ;  5  Years  ( in 
':  which  time  the  excefs  of  a  Julian  Year  above 
the  Tropical  rifes  to  a  whole  Day)  one  day 
:  lliould  be  taken  away  frorn  the  Calendar.,;  that 
is,  that  three  days  fhould  be  takeiacut  of  four 
i  hundred  Years ;  and  this  he  appointed  to  be 
t  done,  by  making  every  hundredth  Year  of  the 
;  Chriftian  iEra  common,  whicli  according  ..t«^ 
;  the  Julian  Account  is  always  B'ijjextlk  ^  but  e* 
very  four  hundredth,  which. was  to  continue 
Bijjextlle^^s  in  the  Julian,  The  New  form  of  th^ 
Year  fettled  by  the  Authority  of  Pope  Gregorys 
^  XIII^^^,  wfas  call'd  from  him  the  Gregcriany  and  is 
obferved  in  Italy ^  France^  Sfainfiermany^'wh^VQ^Q"', 
ever  the  authority  of  the  Pope  reaches ;  and 
in  the  clofe  of  the  lafl:  Age,  was  admitted,  as  to 
the  Civil  Months,  by  feveral  of  the  Reformed 
in  Germany ;    As  fcr    the  finding  the   Tafchal 
Moon,  they  kept  themfekes  ftill  to  Kepler  s  Rudoh 
fhine  Tables^  till  fomething  more  certain  could, 
be  fix'd  upon  and  fettled.  ,.  . 

As  the  form  of  the  Year  among  different 
Nations  is  various,  fo  likewife  is  its  beginning,* 
The  Jev^s  begin  their  Ecclefiaftical  Year  with 
the  New  Moon  of  that  Month,  whofe  Full, 
Moon  happens  next  after  the  Vernal  Equinox  : 
The  Church  of  Ror/je  begin  their  Year  with 
R  4  the 
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the  Sunday  that  falls  upon  the  faid  Full  Moon, 
pr  that  happens  next  after  it-  or  with  the  Fecji 
of  the  RefurreBkn  of  our  Lord,  which  was  the 
cuftom  in  France  before  the  Year  i  J64.     Th^ 
^eivs  begin  their  Civil   Year  with  the  New 
Moon,  that  h^s  its  Full  Moon  happening  next 
after  the  Autumnal  Equinox.     The  Grecians,  be- 
gan their  Year  wich  the  New  Moon  that  hap- 
pens next  after  the  Summer  Solftice :  And  the 
P.Gmans  anciently  began  theirs  with   the  Newi 
Moon   next  after  the  Winter   Solftice.     Andi 
this  feems  to  the  the  reafon  why  Julius  Cafar  did  J 
not  fix  the  beginning  of  his  Year  (tho'  a  Solar)  '\ 
in  the  Winter  Solftice  it  felf,  but  tarried  for  tlie  : 
following  New  Moon^  where  he  might  plac^  ; 
the  beginning  of  his  Year  or  the  Calends  of  i 
January  according  to  the  cuftom  then  receiv'd. . 
Tho'  perhaps  the  ancient  opinion  was  not  yetin- 
tirely  loft,  that  the  Solftices  were  celebrated  in 
the  eighth  parts  of  the  Signs  of  Cancer  and  Ca- 
pricorn, arid  not  in  the  very  beginning  of  the. 
Signs:  by  which  no  more  was  meant  among  the 
Learned,  than  that  the  Sun  was  really  in  the 
eighth  parts  of  the  Signs,  when  he  was  f  ommon- 
ly  thought  to  be  in  the  beginning,-  which  is  all 
one  as  to  fay  that  the  Equinoxes  and  Solftices 
were  anticipated  for  6  pr  7  Days.     And  if  the 
Sun  had  been  hi  the  firft  point  of  Capricorn 
on  the  24^^  of  Dccen/hcr^  he  would  be  exadrly 
enough  in  the  eighth  Degree  of  it  on  the  i^^  of 
January.      By  this'  Method  he  brought  it  about 
that  the  Celebration  of  the  Olympic  Games' 
fhoul^   fall  upon  the  firft  Day  of  the  Month 
^ihtllHs,   which  he  call'd  by  his  own  Name, 
July:    And  perhaps   thele   Games  themfelves 
were  by  ancient  Rite  infticuted  on  the  account 
of  the  Sunimer  Solftice,  '     ' 

Tho' 
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Tho'  the  firfl:  of  January  is  now  look'd  upon 
as  the  beginning  both  of  the  Julian  and  Grego^ 
r'ian  Year  almoft  thro'  all  Enrols ;  yet  others  asr 
fign  other  beginnings  to  it  both  formerly  and 
n'6w-a-days.  We  have  fpoken  of  the  moveable 
Feaft  of  Enfter  already.  ThQf^enetlansy  Florentines, 
the  Inhabitants'  of  Tifa  in  Italy ^  and  of  Treves 
in  Germany y  make  the  Vernal  Equinox  to  be  the 
beginning  of  their  Year,  The  ancient  Clergy 
made  the  25th  of  A/^r^y^,  or  the  Feaft  of  the 
Annunciation  of  the  Bleffed  Virgin,  that  is, 
of  the  Incarnation  of  Chrift,  to  be  the  begins 
ningof  the  Year  :  Which  the  Church  of  England 
ftill  retains  as  the  beginning  of  the  Year.  And 
the  Civil  Year  begins  here  alfo,  tho'  the  Vul- 
var begin  it  at  the  firft  of  January,  with  the 
^neighbouring  Nations* 

»■  The  more  celebrated  colledions  of  Years  or 
Times,  meafured  by  a  repetition  of  Years,  are 
an  Olympiad^  of  4  Years  3  a  I«y/r//w,of  foraetimes 
4,  fometimes  j  Years  *  a  Jubilee,  of  49  or  50 
'Years  j  a  Seadum,  or  an  Age,  of  106  Years ;  an 
1  Annus  Magnus,  or  Great  Year,  ftanding  for  an 
intire  apparent  Revolution  of  the  fix'd  Stars,  till 
after  having  departed  from  a  fix'd  Point,  they 
return  to  the  fame  again,  which  is  2^000  or 
i6ooo  Years,  or  thereabouts. 

Proposition  XIL 

TO  enumerate  the  chief  and  mofi  noted  Epochas, 
and  to  explain  their  relation  to  each  other. 
As  the  Aftronomer  in  computing  the  motion 
of  the  Celeftial  Bodies,  affume  certain  iix'd 
Points  to  begin  ^t;  fo  they  do  certain  moments 
of  Time,  from  which  as  Roots,  their  Compu- 
tations may  begin  and  proceed.  Thefe  Roots, 
which  they  alfo  call  Epachas  and  zy£ras,  com- 
monly have  a  name  from  fome  famous  A^lion 

or 
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or  Event,  that  happened  near  the  beginning  o 
each.  The  moft  confiderable,  and  which  we  an 
bdft  acquainted  withal,  is  the  Efpcha  ofChrif 
Mati'vity^  or  the  firll  day  of  the  January  that  Wi 
fuppofe  to  follow  next  to  the  Nativity  of  oui 
Lord  :  And  4^  years  before  is  the  Efocha  ofju 
Jim  Cafar^  or  t'do,  beginning  of  the  Julian  Tear 
at  which  time  Cafar  rejeding  the  old  Romat 
Year,  that  had  been  ufed  from  Numa^  as  they 
believed,  ordered  the  Julian  Year  to  be  obfey«i 
^^ed  thro'  the  Roman  Empire.  'Tis  true,  thii 
Year  was  not  obferved  always  from  the  begin, 
fting,  but  after  various  and  confufed  interca^: 
iations  extraordinarily  j  in  about  the  loth  Year 
after  its  beginning,  that  is^  the  5'ch  of  the  Vul- 
gar ^ra,  or  Birth  of  our  Saviour,  it  was  refto-: 
red  by  Augustus  in  the  fame  order  as  if  it  had 
been  continued  without  any  interruption  from 
the  beginning. 

Tho'  the  Epocha  of  the  Nativity  of  Chrill: 
above  defcribed  be  eftablifhed  by  common  ufe^ 
^ild  now  almoft  univerfally  received^yetE^^/^^i 
aiid  Ireland^  in  affairs  both  of  Church  and  State^. 
life  an  Epocha  a  full  year  afrer  it;  and  fup- 
pofe Chriil  to   be  born,  not  on  the  2jth  of' 
March ^  near  the  ending  of  the  forty  fifth  Julian 
Year,  but  of  the  following  Year ;  namely  the 
forty  fixth  JuUmrY-Q2LV  -^  and  they  fuppofe  Chrilt 
to  be  conceived  on  the  lyth  oi  March  of  the 
forty  iixth  Julian  Year ;  and  number  the  Year 
not  named  from  the  Nativity,  but  from  the  J«- 1 
carnation   of  Chriil,    that  is,  the  Conception ; 
and  by  confequence  the  fame  in  number,  for 
the  greateft  part  of  the  Year,  with  the  remain- 
ing round  Number,  that  (Hews  the  Year  from 
the  Nativity.     But  in  the  Months  almofl:  be- 
tween the  RvR  of  J  ant^ar J  and  the  2jth  of  March, 
they  reckon  a  different  year  from  the  reft,  as 

they 
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rhey  ought  according  to  their  ^Era.  That  this 
difference  between  the    JEv'^s   that  take  their 
name  from  Chrift,may  be  better  underftood,  we 
are  to  take,  notice,  that  Bionjfim  called,  Exiguus, 
ivas  the  Author  of  this  JEm  above  five  hundred 
years  after  Chrift,  from  which   time  they  be* 
gan  to  reckon  from  the  Nativity  or  Incafsiatioa 
of  Chrift,  whereas  before  they  ufed  to  number 
:heir  years  by  the  Confuls,  and  from  the  Bui'd-^ 
ing  or  Rome^  in  the  Rom^.n  Empire  •  and  out  of 
k  by  the  Years  of  each  King's  Reign.    This 
&a,  fometimes  call'd  from  its  Author,  the  Dia* 
fiyfiany  is  by  no  means  to  be  looked  upon  as  ex^ 
Id  and  agreeable  to  Hiftory.     F.or  'tis  not  yet 
lifettled,  whether  it  was  the  firft,  fecond,  third, 
f fourth,  or   fifth  Y'ear,  before  the  Vulgar  iEra 
:hat  Chrift  was  born,  as  may  be  feen  in  Kcfltrs 
Book  of  the  Year  'wherein  Chrifl  was  horn.     But 
:his  fuppofed  iEra  is  not  too  far  diftant  from 
:he  time,  which  is  fufficient  for  an  ^ra.    And 
according  to  Dlonypus,  the  Author  of  this  iEra, 
Chrift  was  conceived  the  25  th  oi  March  of  the 
ftrft  Year  current  of  this  ^Era,  and  born  the  fol- 
lowing Winter,  at  the  end  of  the  46th  Year  of 
\yfullui  C^far,    This  computation  of  the  Year 
was  at  firft  univerfally  received,  but  is  now  lefa 
and  retain  d  only  in  England^  together  with  the 
beginning  of  the  Ecclefiaftical  and  Civil  Year, 
J  the  Feaft  of  the  Annunciation,)  which  obtain- 
ed in  thofe  days :  For  in  the  Chriftian  World 
befide  this  Epocha  was  tacitly  departed  from ; 
For  now  the  common  opinion  is,  that  Chrift 
was  born  the  Winter  before  the  'D'mtjfian  An- 
nunciation, namely  at  the  end  of  the  45fth  of 
fuUus  C^far,  and  therefore  they  reckon  the 
Vears  from  the  Nativity  •  and  fo  make  Chrift 
idne  Year  older  than  Dionyjius  the  Author  of  the 
Mx^  did,  and  thz  EngU^i  with  him. 

Since 


2$t       r/;^  E  L  E  M  E  N  T  s      Book  III 

Since  moft  Aftronomical  Tables  are  now  fit- 
ted to  the  more  common  Chriftian  i^ra,  the 
other  mofe  celebrated  ones  are  to  be  compared 
and  reduced  to  it.  And  the  firft  of  them  is  the 
Efocha  of  the  Creation,  about  which  there  are  fe-l 
veral  controverfies.  Some  fay  the  World  was  crea-' 
ted  39yoYearsbefore  the  common  iEra  ofChriftj 
and  thefe  fays  Gaffendus  come  neareft  the  truth ji 
which  is  likewife  approved  of  by  thefVewc/^Aftro-i 
nomers.  Others  ;98;years^  and  with  thefe  ?eta*, 
'uius  agrees.  Kefhr  3995  years^  in  the  middle  oli 
Summer, from  Aftrology.  He'veUusinthQ  3963d| 
Year  currrent  before  Chrift,  the  24th  of  O^ober 
of  the  Julian  Tear  continued  backwards_,  at  6  a 
Clock  in  the  Evening,  in  the  Meridian  oiEdenj 
becaufe  he  found  in  his  Tablps  of  the  Sun,  that: 
at  thaiLtime  the  Sun  was  in  the  beginning  of  :£^, 
and  its  Apog^um  in  the  beginning  of  Y .  Others 
make  it  much  more  ancient,^  and  place  it  5-1991 
Years  before  Chrift. 

The  Epocha  of  the  Olympiads,  of  all  Profane 
ones,  is  the  moft  Ancient  and  Celebrated :  Ic 
is  placed  in  the  Summer  of  777  years  before 
i  Chrift,  the  firft  of  J ulj,  the  Julian  Year  being 
continued  backwards.  Not  much  after  U  the 
Epocha  of  the  Building  of  Rome,  which  is  general?- 
ly  fix d  in  j^z  years  before  Chrift. 

The  zy^ra  of  Nahonaffar^  always  famous  a- 
mong  the  Aftronomers^  began  at  the  26th  day 
of  February  of  a  Julian  Year  produced  back- 
ward, and  in  the  Year  747  before  Chrift.  And 
becaufe  this  was  the  firft  of  the  zy£gyptianYQ2ivSy 
Ttolemy,  and  after  him  the  other  Aftronomers, 
and  Co/j^r^/rwjhimfelf,  compute  frdm  thence  the 
motion  of  the  Stars  by  ^A::gypuan  Years.  For 
t\i^  z^gyftian  Years  confiftingof  565"  Days,tho' 
unfit  for  common  t[fe,  becaufe  its  Cardinal 
Points  wander  thro'  all  the  Seafons,  yet  is  very 

fit 
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fit  for  Aftroiiomical  Computations,  becaufe  it 
is  difturbed  with  no  intercalation. 
'The  Epccha  of  the  Death  0/ Alexander  the  Grtat 
follows  next  in  order^^on  the  12th  day  of  Novem^ 
hevym  the  year  3  24  before  Chrift.  And  this  alfo 
being  the  firft  of  the  <»^|-^/)fi^?/ Wandering 'Year$ 
Cfor  io  the  Founders  of  i5i.ras  will  have  it,  tho' 
the  Event  happened  before  or  after  the  begin-: 
ning  of  the  Year)  Theo^  Alhategnius^  and  others 
that  ufed  this  Epocha,  computed  thie  z^gyftian. 
Years  from  hence.  Between  the  ^ras  of  Na-^. 
knajjar  and  the  Death  of  Alexander  the  GreaP^ 
there  are  424  years  pecifely. 

I  pafs  over  the  o^ra  of  the  AhyffinUns^  call'd 
alfo  the  iEra^  of  Diockjian  and  the  Martyrs :  As 
alfo  the  <iy£ra  of  the  Arabians^  that  is,  the  Hegira, 
or  Flight  of  Mahomet :  And  the  Epoch  a  of  the 
Terjiansy  Or  as  it  is  calUd  Jefdegird ;  and  Others, 
(being  fuch  as  are  of  fmall  ufe  to  us)  which 
jftiay  be  feen  at  large  in  Writers  upon  that  fub- 
jed: ;  and  in  fine,  the  Epocha  of  the  Julian  Pe- 
riod of  7980  years,  invented  by  Scaliger^  begin- 
ning 47x4  years  before  the  Chriftian  iEra,  and 
Cdnfequentiy  before  the  World  was  created. 


Section   III. 

Of  Spheres  and  other  Inftruments  invented 
to  reprefent  the  firft  Motion  of  the  Hea« 
vens,  and  of  their  Ufe. 

Proposition    XIII. 

TO  defcrihe  the  common  Infirumentsy  hy  which 
the  Fir^  or  Diurnal  motion  is  imitated y  and 

demonfirated  to  the  Sight ^  namely  the  Qdefiial  Globe 
and  Sphere,    "^ 

For 
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*■  iFor  the  better  conception  of  the  aforefaji 
Circles  in  the  Heavens,  Artifts  prefent  us  witl 
the  Image  of  the  Starry  Heaven  upon  the  Ce 
leftial  Globe,  which  is  a  Sphere  made  of  Me 
tal.  Paper,  or  any  other  like  fabftance,  eafy  tc 
be  mpved  upon  two  Poles.  Upon  the  Convo 
furface  you  have  marked  the  Places  of  the  chie 
Fix'd  Scars^  fo  difpofed  in  regard  of  one  ano- 
ther and  the  Poles  of  the  Sphere,  as  the  Fixec 
Stars  themfelves,  which  they  reprefent,  are  dif- 
pofed in  refped  to  one  another  and  to  the  Poles 
about  which  the  Heavens  feem  to  revolve  in 
the  diurnal  motion.  The  Images  i^lfo  of  the 
Afterifms  are  drawn  upon  it,  that  thefe  Stars 
feem  u  to  reprefent  to  the  Ancients,  drawn  to  it 
either  by  the  force  of  Fancy  or  Religion. 

There  are  drawn  aifo  upon  this  Globe,  the 
Equino(5tial  Circle  exadly  between  the  Poles^i 
ani  the  tvv/o  Tropics  parallel  to  it,  on,  each; 
iide  of  it  at  2'^l-DicgvQts  diftance,  and  as  manyi 
Polar  Circles  at  as  great  a  diftance  from  both 
Poles.  The  Ecliptic  alfo  is  drawn  reaching  t6 
both  the  Tropics,  and  interfe6ling  the  Equi- 
noctial upon  the  Surface  of  the  Globe^  in  the 
points  fo  related  to  the  Places  of  the  Stars,  as 
the  poinca  qI  th.e  Celeltial  Equinodial  (where 
the  Sun  appears  in  the  time  of  the  Equinoxes) 
are  related  to  the  St^rs  themfelves,  in  the  Age 
wherein  the  Globes  are  made  :  As  well  the  E- 
gjuinodial  a$  the  Ecliptic  is  divided  into  De- 
grees^ begipnii^g  at  the  point  that  reprefeilts 
the  Vernal  Equinox  ^  the  EquinocS^ial  into  g!6o> 
without  any  break,  but  the  Ecliptic  into  i2Signs^ 
diftinguiihed  by  their  proper  Marks,  every  one 
of  which  is  fubdivided  into  50  Degrees :  And 
the  Secondaries  of  the  Ecliptic  drawn  thro*  the 
beginning  of  each  Sign,  and  meeting  in  the 
Foles^  divide  the  whole  Globe  it  fslf  into  as 
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many  Signs,  Only  two  Secondaries  of  the 
Equator^'  namely,  the  Colures^  are  drawn  upon 
the  Celeftial  Globe^  one  of  which,  namely^ 
tht  Solftitial  Colure,  is  the  Secondary  alfo  of 
the  Ecliptic.  Such  a  Globe  as  this  reprefenting 
the  Starry  Firmament,  is  ma  dp  movable  upon 
the  aforefaid  Poles^  fo  inferted  into  the  MendJ^^ 
an,  a  Brazen  immovable  Circle  placed  without 
the  Globe,  as  to  fit  that  fide  of  this  iVIeridian, 
which  is  divided  into  Degrees  j  which  fide 
therefore  is  to  be  taken  for  the  true  Meridian, 
the  thicknefs  of  the  Circle  orily  ferving  fp^: 
ftrength. 

Befides,  the.  Globe  incompalTed  with  the 
Meridian  (  as  was  faid  )  is  let  into  a  Wooden 
contrivance  reprefenting  the  Horizon,  fo  as 
that  half  of  it  is  above  the  upper  Surface  of 
this  Wooden  contrivance,  which  is  therefore, 
to  be  looked  upon  as  the  Horizon.  And  that 
the  Globe  may  come  near  enough  in  every  part 
to  the  Horizon,  there  are  notches  in  the  Hori-^ 
zon  for  the  insertion  of  the  Meridian,  th^at  js,^ 
prominent  without  the  Globe*  Upon  the 
breadth  of  this  artificial  Horizon,  which  is 
large  enough,  befides  the  inmoft  Circle  divid^4 
into  its  proper  Degrees,  reckoned  from  conveni*^ 
ent  beginnings,  there  a^-e  the  Julian  and  Grego^ 
>-i^?^  Calendars,  with  the  Degrees  of  the  Signs 
of  the  Ecliptic,  that  the  Sun  is  in  nearly  upon 
thofe  Days  in  that  Age :  There  is  alfo  a  Circlp 
of  the  Winds  or  Points  of  the  Compafs. 

The  Horizon  is  fuppprted  by  four  or  more 
little  Pillars  faften'd  to  a  Foot  or  Bafe,  upon 
which  there  is  placed  a  Mariner's  Compafs  and 
\  Needle,  ta^fet  the  Globe  pretty  nearly  agreea-^' 
ble  to  the  Quarters  of  .the  World.  You  have; 
ajfe  a  Quardant  of  Altitude  that  may  be  faften'd^ 
to  the  vertical  Point  of  ^  Meridian  by  the  help 

of 
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of  a  Screw,  its  Limb  divided  into  Degrees,  is  tc 
betaken  for  a  true  Quadrant :  and  90  Degrcei' 
are  reckon'd  from  its  extremity  that  toucheil 
the  Horizon  upwards  towards  the  Zenith.  In! 
the  Globes  made  now  a-days,  there  is  alfo  a! 
Circle  called  the  Horn-  Circle,  faften'd  to  the; 
Meridian,  having  the  Pole  for  its  Center.  Thisj 
little  Circle  IS  divided  into  twice  twelve  hoursj 
that  it  might  be  fitted  to  our  way  of  reckoning 
the  hours,  beginning  at  the  Meridian.  Andi 
fmce  the  Pole  carries  the  Index  along  with  ity 
the  Index  will  point  out  the  hours  according 
to  the  revolution  of  the  Globe;  if, it  be  ati 
twelve  a  Clock  of  the  day,  at  the  fame  timet 
as  the  place  where  the  Suii  is  at  that  dme  is 
utlder  the  Meridian. 

What  is  commonly  called  a  Sphere  diff^r^  from 
a  Globe  in  this,  that  its  furface  is  iiot  united^ 
and  perfect,  as  'tis  in  a  Globe,  but  the  more, 
principal  Circles  made  ofArmillse or  Hoops  (from 
whence  it  has  the  name  of  an  Ar miliary  Sphere  ) 
ftiadow   cut  a  Spherical  furface.     In  fuch  a. 
Sphere,  befides  the  Horizon  and  Meridian,  (be-; 
tween  which  being  immovable,  it  is  revolved- 
like  a  Globe,)  there  are  four  great  Circles ;! 
namely  the  Equator  and  Ecliptic,  or  rather  Zo^ 
di^c,  (  for  like  a   Belt  or  Swath,  it  is  20-  deg. 
broad ; )  and  the  two  Colures  and  four  leflef 
Circles,  ^htj,  the  two  Tropics,  and  as  many  Po- 
lar Circles :  And  thus  the  number  of  the  Circles 
of  a  Sphere  came  to  be  reckoned  Ten.     This 
Sphere  is  fo  excavated,  that  by  its  tranfparence 
as  it  were,  it  is  a  reprefentatiori  of  the  World, 
and  prefents  its   with  the  little    Globe  of  the 
Earth  in  its  Center  at  reft,  and  fufpended  by 
the  Axe,  which  could  not  be  done  fo  well  in  a 
Globe,  whofe  Superfices  is  intire  and  United. 
From  what  has  been  faid^  'tis  evident,  that  in 

aif 
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an  Armillary  Sphere,  the  above  defcribed  pla*- 
:es  of  the  Fixed  Stars  can't  be  marked  at  ailli 
excepting  fome  few,  that  appear  in  the  Zodiac^ 
;ho*  they  likewife  are  commonly  taken  no  no- 
tice of  ^  and  therefore  the  Problems  relating 
:o  the  Fijc'd  Stars  can't  be  folv'd  by  fuch  ^ 
5phere.  Tho'  fmCe  the  faid  Circles  of  the 
>phere  are  delineated  upon  the  furface  of  the 
31obe,  all  the  Problems  th^t  are  done  by  the  * 
\rmillary  Sphere,  may  be  performed  very  ea- 
ily  by  the  Globe :  And  therefore  Spheres,  thd* 
)f  great  liame  formerly,  When  the  ftndy  of  A-; 
IrontJmy  began  to  revive,  are  very  feldorfi  ufed 
iow,but  to  help  the  iinagination  of  the  young. 

To  thefe  Armillary  Spheres  there  are  fome- 

imes  anhex'd  the  Planets  made  to  be  immova- 

)le  in  different  Circles,  in  the  order  as  they  are 

i  eckoned  by  the  Aftronorrlers  of  the  Ftolem^ic, 

Ijchonicy  or  Copermcan  Sed.  And  therefore  in  th6 

''tolemaic  and  Tycbomc  Sphere,  the  Planets  ar^ 

;  arried  in  different  Circles  about  the  Earth  at 

eft,  in  the  Plarle  of  the  Zodiac,  wiihin  th6 

iOops   that  reprefent  the  Starry  Heaven.     But 

nee  there  i^  required  a  Spherical  furface  fflia- 

owed  out  by  the  hoops)  concentric  with  the 

toh,to  reprefent  the  Firftbr  Diurnal  motion^ 

nd  this  is   movable  in  the  Copemkan  Sfhtre  ^ 

tierefore  the  Makers  do  place  in  it  the  Planets 

mhout  the  hoops  compafling  the  Earth,\vhich 

>  movable  about  the  imaginary  Sun.  Sometimes 

ipheres  of  this  kind  and  Globes  are  made  to  gd 

J  a  Weight  or  Spring,  foas  to  imitate  the  riling^ 

stting,  and  all  the  Diurnal  motion  of  the  Fix  a 

tars.  Sometimes  alfo  the  Planets  perform  their 
evolutions  in  their  proper  time  :  But  things  of 
his  nature  don't  belong  to  this  {ilaCe. 
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pRO^OSTttON     Xiy, 

TO  defcrihe  the  Tenefirial  Glohe^  as  it  is  co?.< 
monly  made* 
TheTerreftrial  Globe  does  not  differ  from  tl 
above  defcribed  Celeftial  Globe  but  in  this,  th[ 
inftead  of  the  Stars  and  Conftellations  compj. 
fed  of  them.  Lands  and  Seas  are  delineated  u]. 
on  it.  And  the  Tra6l:s,  Bays,  Promontories,  an 
other  things  belonging  to  the  Earth,  are  paints 
upon  the  convex  fpherical  Surface,  in  regard  ( 
one  another   and  the  Poles  upon  which  tl 
Globe  is  turned  in  the  Meridian,  juft   as  tl: 
Places  themfelves  are  upon  the  Earth,  whic 
they  reprefent,  in  regard  of  one  another  and  th 
Poles  upon  which  the  Earth  really  revolves  b 
the  diurnal  motion.    Thefe  places  of  the  Eart 
thus  imitated  will  feally  have  that  ficuation, 
each  of  them  be  transferr'd  upon  this  little  Eart 
agreeable  to  their  Longitude  and  Latitude  b 
Obfervation.    The  Equator,and  its  Secondari( 
or  Meridians  paffing  thro'  every  ten  Degree 
are  alfo  painted  upon  the  Terreftrial  G-obe;  on 
of  which,  namely  that  which  palFes  thro'  th 
Azoresy  or  Fortunate  JJla?ids^  is  the  moft  confide 
rable,  and  called  the  firft  Meridian^  it  beiri; 
that  Meridian  from  which  the  Longitude  of'.! 
place  is  reckoned,  as  was  faid  above  ^  and  bj 
confequence  from  whence   the  numbering  o 
the  degrees  of  the  Equator  towards  the  Eafi  i^ 
continued.    The  Parallels  alfo  to  the  Equator 
namely  the  Polar  Circles  and  Tropics,  and  feve 
ral  others  at  ten  deg,  diftance  from  one  another 
together  with  the  Rhumbs  (^in  the  fpaces  repre 
fenting  the  large  and  vaft  Seasj  iliewing  tht 
Courfes  of  Ships  guided  by^  the  Mariner's  Com- 
pafs  and  Needle,  are  all  drawn  upon  it.    And 
that  the  Terreftrial  Globe^  befides  its  own  ufes^ 

mighc 
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might  fupply  the  place  of  a  Celeftial  Sphere 
fwhen  fuch  one  is  wanting,)  the  Makers  have 
fitted  an  Ecliptic  to  it*  But  becaufe  this  Circle 
is  purely  a  Celeftial  one,  and  has  no  proper 
place  upon  the  Earth,  therefore  they  have  pla* 
ced  its  interfedion  with  the  Terreftrial  Equa* 
tor,  (which  interfedion  they  might  have  placed 
any  where;  at  the  point  where  the  firit  Meridian 
interfeds  the  Equator. 

pROPOSItldN  XV. 

TO  refolve  fever  al  Vrohkms  relating  to  the  Situ^ 
ation  of  places  of  the  'Earth  to  one  another^  a^nd 
to  the  Diurnal  motion  of  the  Stars ^  by  the  Globes  i  • 
ihat  isy  to  fiie-iv  the  chief  Ufe  of  both  Globes. 

Tho'  the  folution  of  the  following  Problettis 
by  the  Globes  is  not  accurate  and  exad,  yet  ic 
ferves  very  much  to  form  and  inftrud  the  minds 
of  Juniors  J  and  we  ihall  difpatch  them  in  one 
Propofition. 

And  here  the  Celeftial  Globe  Is  to  be  looked 
upon  as  the  great  Machine  of  the  World  itfelf| 
:he  Sun  and  all  the  Stars,  and  whatever  we  fee 
in  the  concave  Firmament,  are  to  be  concei- 
ted as  upon  the  convex  furface,  view'd  by  art 
£ye  plac'd. without  that  furface  :  But  there  is 
10  need  of  fuch  a  Mion  in  the  Terreftrial 
3lobe.  And  becaufe  the  Globes  are  the  In- 
(Iruments  we  make  ufe  of  in  thi^  Propofition^ 
they  are  to  be  look'd  upon  as  perfed  ;  as  for 
:he  manner  of  making  them  fo,  we  are  not  now 
:o  enquire,  but  to  apply  them  as  they  are  al-* 
ready  made  to  the  folution  of  the  following 
Problems  and  others  like  them. 

I.  To  find  the  Longitude  and  Latitude  of  anj  gi- 
'ven  Place  upon  the  Terrefirial  Globe. 

Bring  the  «given  Place  to  the  Meridian,  (  al- 
ways underftand  that  fide  of  it  as  is  divided  into 

S  ^  D^ 
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Degrees,  which,  as  we  faid  before,  is  the  tru<: 
Meridian)  and  the  degree  of  the  Equator,  thei 
found  under  the  Meridian,  (hews  the  Longitud' 
of  the  Place.  For  the  beginning  of  reckonin[ 
chofe  degrees  is  taken  from  the  firft  Meridian  ; 
as  was  faid  before.  Befides,  reckon  from  th<i 
Equator  in  the  Meridian  to  the  given  Place,  thij 
degrees  of  Latitude:  For  the  Meridian  is  divi' 
ded  into  four  times  90  degrees,  two  of  whicl 
90  begin  to  be  numbered  from  the  Equator  to- 
wards both  PoTes :  the  reckoning  of  the  two  o 
ther  90  degrees  begins  from  both  Poles,  am 
ends  in  the  Equinodial  under  the  Horizon 
•The  Latitude  is  North  or  South,  according  a 
the  Place  given  is  to  the  North  or  South  of  th( 
Equator. 

2.  The  Loytglttide  and  Latitude  being  gi'Venj 

find  the  Place  itfelf  ufon  the  TerrefirLd  Globe, 
Look  in  the  Equator  for  the  degree  ofthi 
given  Longitude ;  'tis  evident  that  tTie  Plac( 
fought  is  in  the  Meridian  drawn  thro'  this  poin 
taken  in  the  Equator.  Apply  this  point  there- 
fore to  the  divided  Meridian,  and  reckon  the 
degrees  of  the  Latitude  given  toward  the 
North  Pole,  if  it  be  northern,  or  toward: 
the  South  Pole,  if  it  be  fouthern,  and  the  poim 
at  the  end  of  the  reckoning  will  be  the  Place 
fought. 

5.  I'o  reBify  both  the  Globes  to  a  gi'Ven  Latitude 

together  with  the  ^adrant  of  JJtitude  j  am 

to  diffofe  the  Globes  agreeable  to  the  four  ^tar^^ 

ters  of  the  IVorld 
If  the  Latitude  of  the  Place  given  be  North 
let  the  North  Pole  be  raifed  above  the  Horizon 
if  South,  the  South  Pole,  till  the  Arc  of  tb 
Meridian  intercepted  between  the  Pole  and  the 
Horizon,  be  of  as  many  degrees  as  the  Lati 
f ude  of  the  place  given  is,     For  by  frop.  7.  th( 

Eleva 
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Elevation  of  the  Pole  is  an  Arc  fimilar  to  the 
Latitude  of  the  place  j-  that  is^  containing  as 
many  degrees.  From  whence  'tis  evident  to 
the  fight  what  Stars  always  appear;  namely, 
fuch  as  upon  the  turning  of  the  Globe  quite 
round,  don't  defcend  below  the  Horizon  :  As 
alfo  what  on  the  contrary,  never  appear.  Then 
compute  from  the  Equator  in  the  Meridian  up- 
wards, the  degrees  of  the  Latitude  given,  and 
the  point  where  the  reckoning  ends,  fhall  be 
the  Vertex  of  the  given  Place  :  (For  the  height 
of  the  Pole  is  equal  to  the  diftance  of  the  Equa- 
tor from  the  Vertex  ;  fince  the  fame  Arc,  nam.e- 
ly  the  diftance  of  the  Pole  from  rhe  Vertex  is 
the  complement  of  both  to  90  deg. :  )  Fix  the 
Quadrantof  Altitude  by  means  of  the  Screw,  to 
the  Vertex  thus  found,  fo  as  that  its  divided 
edge,  (  which  ferves  inftead  of  a  Quadrant, ) 
may  proceed  as  it  were  from  thence.  Laftly, 
by  thehelp  of  the  A'lariners  Compafs  fixd  to 
the  foot  of  the  Globe,  let  the  Right  line  that 
h  the  common  Sedion  of  the  planes  of  the 
Horizon  and  Meridian  be  placed  in  the  Meri- 
dian line,  fo  as  that  the  elevated  Pole  of  the 
Globe  may  look  towards  the  elevated  Pole  of 
the  World,  For  we  fuppofe  the  Magnetic 
Needle  to  be  direded  along  the  Meridian  line  ; 
at  leaft,  that  its  declination  ( that  hinders  it )  is 
known.  By  this  means,  the  Meridian  of  the 
Globe  will  coincide  with  the  Meridian  of  the 
Place  ;  and  its  other  points  with  the  correfpon- 
dent  points  of  the  Place.  But  fuch  an  Hori- 
zontal plane  muft  be  pitched  upon  for  the 
Globe  to  ftand  upon,  as  will  make  the  Horizon 
of  the  Globe  to  be  parallel  to  the  Horizon  of 
the  Place,  as  it  ought  to  be. 

S  ;  4.  r# 
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4.  To  find  the  Degree  in  the  Ecliptic  that  the  Su 
is  in  at  any  given  time^  hy  the  helf  of  the  Ca 
lendar  and  Circle  of  Signs  dran^n  upon  the  fur 
face  of  the   Horiz,on,  and  hy    that  to  affignit\ 

Place  in  the  Ecliptic  itfelf. 
Look  into  the  Calendar  for  the  Month  an( 
Day  propofedj  and  oppofite  to  it  you  will  fine 
the  Sign  and  degree  thereof,that  the  Stin  is  thex 
in.  Then  in  the  Ecliptic  drawn  upon  the  Globe 
look  for  that  Sign  of  the  degree  of  it,  and  tha 
will  be  the  Place  of  the  Sun  fought.    If  yoi, 
would  be  more  exa<5t,  you  muft  get  the  Plact' 
of  the  Sun,  the  help  of  an  Ephemerides^and  fine 
that  out,  in  the  Ecliptic  drawn  upon  the  Globe 
After  the  Fame  manner  may  the  Places  of  the 
Planets  found  by  fuch  Ephemerides,  be  marked 
upon  the  furface  of  the  Globe  ;  by  feeking  firfl 
the  Longitude  of  the  Planet  in  the  Ecliptic,  and 
by  protraaion  its  Latitude  from  the  Ecliptic 
either  way,  by  the  help  of  a  pair  of  Compaffes. 
To  find  the  degree  in  the  Ecliptic  the  Sun  is 
in  pretty  nearly  at  a  given  time,  youneed  on? 
ly  to  know  what  Day  of  each  Month  the  Sun 
enters  a  Sign  of  the  Ecliptic,  and  compute  one 
degree  for  every  Day  from  thence.    For  thisi 
purpofe  there  are  fome  memorial  Verfes  com^i 
pofed,  which  may  be  feen  in  the  Writers  of  the 
Dodrine  of  the  Sphere. 

5.  To  find  the  right  Afcenfion  and  Declination  of 
the  Suny  or  Star^  or  any  given  Point;  and 
confquently  to  find  the  Time  of  the  Culmination 
of  a  given  Star  or  Point, 

The  right  Afcenfion  of  the  Sun  or  any  point 
upon  the  Celeftial  Globe,  is  found  after  the 
fame  manner  as  the  Longitude  and  Latitude  of 
a  place  on  the  Terreftriai  Globe  ;  (by  ProbL  i.) 
For  the  right  Afcenfion  and  Declination  in  the 
Celeftial,  is  all  one  with  the  Longitude  and 

Lvi- 
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Latitude  in  the  Terreftrial  Globe.  Befldes,  ha- 
ving brought  the  Place  of  the  Sun  to  the  Meri- 
dian^  bring  the  Index  to  twelve  a  Clock^  (  we 
reckon  it  twelve  a  Clock  vi^hen  the  Sun  is  in 
the  Meridian,)  and  turn  the  Globe  round  till 
the  Star  or  given  Point  cones  to  culminate, 
then  the  Index  fliews  the  hour,  when  that  will 
happen.  But  becaufe  the  Hour  Circle  is  too 
frrall,  the  tart  of  an  hour  can't  be  eafily  diftin- 

;  guifii'd  in  it :  To  be  more  exad,  you  mufl:  do 
thus.  Becaufe  the  intire  Equator  (together  with 

^a  certain  portion  of  it,  corrplponding  to  the 

I  proper  motion  of  the  Sun  during  that  time)pat 
res  the  Meridian  in  the  fpace  of  a  natural  day  ^ 
*tis  evident  that  a  24th  part  of  the  Equator,  or 
1 5"  deg.  pafs  the  Meridian  in  one  hour,  and  one 

;  ^Qg.  in  four  Seconds  of  time,  and  fo  on.  If  there- 
fore from  the  right  Afcenfion  of  a  Star,  you  take 
away  the  right  Afcenfion  of  the  Sun,  you  will 
have  that  portion  of  the  Equator  which  palTesthe 
Meridian,  in  the  time  between,  one  culminati- 
on of  the  Sun  and  the  next  following  culmina- 
tion of  the  Star:  If  inftead  of  that,  you  take  the 
time  neceffary  for  the  pafiage.  of  the  faid  Arc  of 
ihe  Equator  by  the  Meridian,  fallowing  an 
hour  for  fifteen  degrees,  and  four  minutes  for 
one  degree,  as  was  faid  before  ;  which  Opera- 

'  tion  is  called  the  Converting  an  Arc  of  the  Ecjuator 
into  Time ; )  you  will  have  the  time  of  the  Cul- 
mination of  that  Star  from  Noon.  But  if  the 
right  Afcenfion  of  the  Star  be  lefler  than  the 
right  Afcenfion  of  the  Sun,  fo  that  the  latter 
can't  be  Subtraded  from  the  former,  you  muft 

radd  to  it  a  whole  Circle  or  560  degrees. 

6,  The  Tlace  of  the  Sun  or  any  Star  being  given ^ 

to  find  its  Oblique  Afcenfion  or  Defcenfion^  as  al- 

fo  its  Eafiern  and  Weficrn  Amplitude, 

Bring  the  given  Place  of  the  Sun  or  Star  to 
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tlie  Eaftern  part  of  the  Horizop,  (  having  re 
^ified  the  Globe  for  the  Latitude  of  the  Place 
by  Frok  ^.  )  and  park  the  degree  of  the  Equate 
that  afcends  with  it :  For  the  Arc  of  the  Equa 
tor,  intercepted  between  the  beginning  of  Aric; 
and  the  Point  thus  marked  (exprelTed  by  th( 
number  annexed  to  the  point)  is  the  Obliqm 
Afcenfion  of  the  Sun  or  Star  it  felf,     And  the 
Arc  intercepted  in  the  Horizon  between  the 
Eaft  (that  is,  the  interfecSlipn  of  the  Equ^tQi 
and  Horizon)  and  the  Place  of  th^  Sun  or  St^j 
iVthe  Eaftern  Amplitude  of  that  heavenly  Body, 
If  you  bring  the  fame  Place  of  the  Sun  or  Stat 
to  the  Weflern  part  of  the  Horizon ,  the  degree 
of  the  Equator  then  defcending,  will  be  the  Ob- 
lique Defcenfion  ^  and  the  Arc  of  the  Horizon, 
intercepted  between  the  Weflern  point  of  thq 
Horizon,  and  the  fetting  Celeftial  Body  will 
be  its  Weftern  or  fetting  Amplitude. 

7.  The  right  and  oblique  Afcenjion  of  the  Sun^  or  a 

Star  being  gi'Vcny  to  find  half  the  time  of  its  con- 

tinuance  abo^e  or  below  the  Horizon  *y  and  if  it 

he  the  Sun^  whofe  Afcenjions  are  gi^aen,  to  deter^ 

mine  the  Length  of  the  Day  and  Nighty  and  the 

hour  of  the  Rifing  and  Setting  of  the  Sun  ;  but 

if  it  be  a  Star^  to  find  the  hour  of  its  Rijingor 

Settings  by  the  time  of  its  Culrnination  being  gi- 

'ven  :  And  on  the  contrary^  the  Vlace  of  the  Sun 

and  Length  of  the  Day  being  given,  to  determine 

the  F laces  on  the  Earth  to  whom  they  agree. 

|f  you  fix  the  Index  to  twelve  a  Clock  when 

the  Sun's  place  is  under  the  Meridian,  and  turn 

theGlobe  backwards  till  the  Sun's  place  is  arth^ 

Eaftern  part  of  the  Horizon,  the  Index  will  tell 

you  the  Hour  of  Sun-rile  •  and  if  the  Place  of 

the  Sun  be  brought  to  the  Weftern  part  of  the 

Horizon,  the  Index  will  point  out  the  Hour  of 

its  fitting  3  the  fame  Inde}^  will  iikewife  ^tw 

the 
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the  Culminating,  Rifing  or  Setting  of  the  given 
Star^  when  the  Star  marked  on  the  Globe  comes 
to  the  MeridianjEaftern  or  Weftern  part  of  the 
Horizon:  For  in  all  thefe  inftances Nature  itfelf 
is  imitated.  And  the  Hour  of  the  rifing  or  fet- 
ting  of  the  Sun  or  Star  being  known,  the  conti- 
nuance of  them  above  or  below  the  Horizon  is 
felf-evident. 

To  find  the  fame  more  exactly  by  computa- 
tion without  the  Globe,  the  Afcenfions  being 
given,  do  thus :  Let  the  Afcenfional  Difference 
be  converted  into  time,  and  the  addition  of  it 
to  fix  hours,  if  the  Celeftial  Body  decline  from 
the  Equator  towards  the  Pole  that  is  elevated, 
or  the  fubtradion  of  it  from  fix  hours,  if  it  de- 
cline towards  the  Pole  that  is  deprefled  will 
give  half  the  continuance  of  that  Celeftial  Body- 
above  the  Horizon  :  And  this  added  to  the  time 
of  its  Culminating  will  give  the  Hour  of  its 
Setting,  fubtraded  from  it  will  give  the  Hour 
of  its  Rifing.  And  confequently  its  whole  con- 
tinuance above  the  Horizon,  (which  is  the 
Length  of  the  Day,  if  the  Celeftial  Body  be  the 
SunJ  will  be  given,  which  fubtraded  from  24 
lipurs,gives  its  continuance  below  the  Horizon. 

If  the  Place  be  required  where  the  Day  is 
of  a  given  Length,  when  the  Sun  is  in  a  given 
point  in  the  Ecliptic ,-  bring  the  Place  of  the 
Sun  to  the  Meridian,  and  the  Index  to  twelve 
a  Clock  •  turn  the  fjlobe  till  the  Index  ftiow  the 
Hour  of  the  Rifing  or  Setting  of  the  Sun  agree- 
able to  the  given  Length  of  the  Day ;  then  ele- 
vating or  depreffing  the  Pole,  let  the  Globe  be 
brought  to  fuch  a  fituation  as  the  Sun  s  place 
niay  be  in  the  Horizon  when  the  Index  is  at 
the  faid  hour ;  for  in  this  cafe,  the  Globe  is  in 
that  fituation,  wherein  the  Sun  being  in  a  gi- 
ven point  of  the  Ecliptic^  makes  the  Day  of  the 

given 
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given  Length.  Therefore  all  the  Places  of  th^ 
Earth,  whofe  Latitude  is  equal  to  the  height  of 
the  Pole  of  the  Globe  in  this  pofition,  will  an- 
fwer  the  queftion.  And  if  the  given  Place  of 
the  Sun  be  in  the  Tropic  towards  the  vifible 
Pole ;  ( that  is,  if  the  Place  be  required  whofe 
longeft  day  is  a  given  length,)  this  Problem 
will  ferve  to  diftinguifli  the  Parallels  and  Cli- 
mates. 

8.  The  Latitude  and  Suns  place  helng  given  ^  and 
hefides  any  one  of  tbefe  threcy  namely  the  Hour 
of  the  day^  the  Altitude  of  the  Celefiial  Body^ 
and  the  Azimuth  of  the  fame  he  given y  to  find 
the  other  two. 
Redify  the  Globe  for  the  Latitude  of  the 
Place  given,  by  Frob.  3  ^  bring  the  Sun's  place 
to  the  Meridian,  and  the  Index  to  twelve  a 
Clocks  then  if  the  Hour  be  given,  turn  the 
Globe  about,  till  the  Index  point  at  that  Hour, 
or  move  it  accurately,  till  as  many  fifteen  de- 
grees of  the  Equator  pafs  the  Meridian  forwards 
or  backwards,  as  there  are  Hours  fince  or  before 
Noon  ^  and  if  the  given  Hours  have  minutes, 
for  each  four  minutes,  make  one  degree  pafs 
by  the  Meridian.  Fixing  the  Globe  in  this  po- 
rtion, let  the  Altitude  and  Azimuth  of  the  Sun 
or  Star,  be  meafured  by  the  Quadrant  of  Alti- 
tude firft  fixed  to  the  Zenith  :  Namely  the  Al- 
titude in  the  Quadrant,  reckoning  upwards 
from  the  Horizon  ^  but  the  Azimuth  in  the  Ho- 
rizon from  South  or  North  point  to  the  inter- 
fedion  of  the  Quadrant  with  the  Horizon.  If 
the  Altitude  of  the  Sun  or  Star  be  given,turn  the^ 
Globe  about  till  the  Star  arrive  at  the  given 
Altitude,  (which  may  eafily  be  try'd  by  the 
Quadrant  of  Altitude,  )  and  the  foot  of  the 
Quadrant  will  ftiew  the  Azimuth,  and  the  In- 
dex, the  Hour.     When  the  Azimuth  is  given, 

bring 
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bring  the  foot  of  the  Quadrant  to  the  Azimuth 
given,  and  turn  the  Globe  till  the  given  Star 
come  to  the  edge  of  the  Quadrant,  and  imme- 
diately the  Altitude  is  known,  being  reckoned 
upon  the  Quadrant,  and  the  Hour  by  the  In- 
dex :  Unlefs  it  be  better  to  find  it  by  the  num- 
ber of  degrees  of  the  Equator,  that  have  pafs'd 
the  Meridian,  fince  the  Sun  was  upon  it.  By 
Hours  we  here  underftand  Equinodial  ones 
reckoned  from  Noon  to  Midnight,  tho  they  may 
be  eafily  reduced  to  Italic  or  Baky Ionic  Hours,  by 
finding  (  by  preced.  Troh.)  the  Hour  of  the  ri- 
fing  or  the  letting  of  the  Sun,  from  whence 
they  (being  likewife  Equinoctials)  are  reckoned : 
'Tis  an  eafy  matter  alfo  to  reduce  any  given 
Equinodial  hour,reckoned  from  any  beginning, 
to  an  unequal  or  Planetary  hour,  by  the  length 
of  the  day.  And  if  the  places  of  the  Planets 
(found  for  that  time  by  the  help  of  an  Epheme- 
rides^  be  mark'd  upon  the  furface  of  the  Globe, 
the  Conftellations  and  Planets  may  be  eafily 
found  and  diftinguiftied  in  the  Heavens  by  the 
Globe,  if  redified  to  the  hour  of  the  Night,  and 
in  a  clear  ferene  night  be  compared  with  the 
face  of  the  Heavens,  and  turn  d  about  gradu- 
ally as  the  night  paffes,  to  keep  the  fame  fitua- 
tion  with  the  Heavens. 

9.  To  find  the  time  when  a  Fixd  Star  rifes  orfets 
Cofmically   or  Achronically, 

Bring  the  given  Star  to  the  Eaftern  part  of  the 
Horizon,  and  mark  the  point  of  the  Ecliptic  that 
rifes  with  it;  the  time  when  the  Sun  is  in  that 
point( which  you  may  eafily  find  upon  the  Hori- 
zon of  the  Globe  by  the  Circle  of  Signs  and  the 
Calendar  annex'dj  is  the  time  of  the  Cofmical 
rifing  of  that  Star  :  But  if  the  time  of  the  CoC- 
mical  fetting  were  required,  mark  in  the  Globe 
the  point  of  the  Ecliptic  rifing  when  the  given 

Star 
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Star  comes  to  the  Weft  part  of  the  Horizon, 
and  the  time  wherein  the  Sun  enters  that  point, 
is  the  Time  fought.  To  find  the  Achronical 
Rifing,  mark  that  point  of  the  Ecliptic  which 
fets  when  the  Star  rifes,  and  the  Time  wherein 
the  Sun  pafles  that  point,  is  the  Time  fought. 
And  if  that  point  of  the  Ecliptic  be  taken  no- 
tice of,  that  comes  to  the  Weftern  part  of  the 
Horizon  together  with  the  Star,  that  day  the 
Sun  is  in  that  Degree,  the  Star  fets  Achroni- 
cally.  And  this  is  fufficient,  if  by  the  Cof^ 
mical  and  Achronical  Rifing  and  Setting  be  uh- 
derftcod  Morning  and  Evening  rifing  and  iet- 
ting,  as  it  commonly  does.  But  if  the  Cofmi- 
cal  rifing  and  fetting  (as  Kefkr  would  have  it ) 
iignify  the  fame  as  i^s  ^fcent  above  the  Hori- 
zon of  a  given  place,  and  defcent  below  it, 
then  this  happens  daily  (if at  all)  to  any  Fixd 
Star ,  the  time  of  which  is  found  by  Prch.  7. 
And  the  Achronical  Rifing  of  a  Star  (which  ac- 
cording to  the  fame  Author,  fignifies  a  Star's 
rifing  when  the  Sun  fets)  will  be  the  fame,  and 
found  after  the  fame  way  as  the  former :  But 
the  Achronical  fetting  comes  to  the  fame  thing 
with  the  Cofmical  Rifing  in  the  common  fenfe. 

10.  To  find  the  timCy  when  a  given  Fixd  Star 
rifes  or  fets  Heliacally, 

Since  all  the  Fix'd  Stars  rife  Heliacally  in  a 
Morning,  and  fet  in  an  Evening,  to  find  the 
time  when  a  given  Fix'd  Star  (for  inftance,  of 
the  firft  Magnitude;  rifes  Heliacally,  that  point 
of  the  Ecliptic  is  to  be  found,  which  is  12*^  be- 
low the  Eaftern  part  of  the  Horizon  when  the 
Star  rifes ;  For  when  the  Sun  is  in  that  point  of 
the  Ecliptic,  he  is  deprelfed  below  the  Hori- 
zon, juft  as  much  as  is  required,that  fuch  a  Star 
may  be  vifible  when  it  is  juft  come  above  the 
Horizon.    To  find  this  by  the  Globe,  bring 

the 
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the  Star  to  the  Eaftern  part  of  the  Horizon, 
ar\d  find  with  the  Quadrant  of  Altitude  that 
point  of  the  Ecliptic  which  is  elevated    12  de- 
grees above  the  Weftern  part  of  the  Horizon  : 
The  point  oppofite  to  this  is  the  point  fought, 
'y/^.  one  deprefs^d  12  deg.  below  the  Eaftern 
part  of  the    Horizon  :    That    day    therefore 
wherein  the  Sun  pofleffes  that  point  of  the  E- 
cliptic  (which  may  be  eafily  found  in  theCaleii- 
dar  annexed  to  the  Circle  of  Signs  in  the  Hori- 
zon of  theG10be)the  faidStar  of  the  firft  Magni- 
tude rifes  Heliacally.    If  the  Star  be  of  the  fe- 
cond  magniiude,  a  point  of  the  Ecliptic  muft 
be  found,  that  is  depreffed  thirteen  degrees  b,e- 
low  the  Horizon,  when  the  Star  is  juft  at  it :  If 
of  the  third,  14  degrees,andfo  on  ;  as  is  evident 
from  Propi  9.    If  the  time  of  the  Heliacal  fet- 
tingofagiven  Star  of  the  firft  Magnitude  be 
required,  bring  the  Star  to  the  Weftern  part  of 
the  Horizon,  find  as  before,  that  point  of  the 
Ecliptic  which  at  that  time  is  elevated  12  de- 
grees above  the  Eaftern  part  of  the  Horizon, 
and  the  point  oppofite  to  it  (namely  that  whic;h 
is  depreffed  as  many  degrees  below  the  Weftern 
part  of  the  Horizon)  is  the  Sun's  place  in  the 
Ecliptic,   when  the  faid  Star  fets  Heliacally* 
After  the  like.manner  you  may  find  the  Phct 
of  the  Sun  in  the  Ecliptic  for  any  given  time 
paft,  when  a  given  Fix  d  Star  did  at  that  time 
rife  or  fet  Heliacally-  and  confequently  the 
times  anciently   defcribed  and  marked  out  by 
the  Writers  of  Husbandry  and  Medicine,  may 
be  compared  with  ours :  For  inftead  of  a  given 
Star,  as  it  is  painted  upon  the  Globes,  you  arc 
to  make  ufe  of  that  place  of  it,  in  which  it  was 
in  that  Age;  lelTening  the   Longitude  of  the 
Star  one  degree  and  a  third  part  for  every  Age 
fmce  the  given,  but  keeping  the  fame  Latitude. 

II.  To 
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ll»  To  determine  the  beginning  of  the  Morning 
and  end  of  the  Evening  Twilight  for  any  tim^ 
given, 
Redify  the  Globe  for  the  Latitude  of  the 
f  lace,  (which  is  fuppofed  in  this  and  all  the  pre- 
ceding Propofitions  to  be  given,)bring  the  Place 
of  the  Sun  at  the  time  given  to  the  Meridian, 
and  the  Index  to  twelve  a  Clock ;  then  turn  the 
Globe  about  towardstheEaft.tilithe  point  of  the 
Ecliptic  oppofite  to  the  Sun's  place,  be  eleva-n 
ted  18  degrees  above  the  Weftern  part  of  the. 
Horizon,  in  which  cafe  the  Sun  itfelf  is  de-r 
preffed  as  many  degrees  below  the  Eaftern  part 
of  the  Horizon ;  and  therefore  (by  Prop.  8.)  the 
Morning  Twilight  is  beginning  :  and  the  time 
of  it  fliewn  by  the  Index.  But  'tis  better  to 
turn  the  Arc  of  the  Equator,  that  paffes  the 
Meridian,  (while  the  Globe  is  moved  about  in-» 
to  this  fituation  from  that  which  it  had  when 
the  Sun's  place  v^as  at  the  Meridian,)  into  time, 
to  be  fubtradied  from  12  hours,  for  finding  the 
Time  of  the  beginning  of  the  Morning  Twi- 
light. After  the  fame  manner  the  end  of  the 
Evening  Twilight  is  found,  by  turning  the 
Globe  about  till  the  point  oppofite  to  the  Sun's 
place  be  elevated  18  degrees  above  the  Eaftern 
part  of  the  Horizon,  &c. 

12.  To  find  the  Difiance  of  any  two  T laces  on  the 

.     Earthy  that  are  giveH^  as  alfo  the   Angle  of 

Tofition  I  or   that   which  a  great  Circle  faffing 

thro  the  given  Vlaces,  makes  with  the  Meridiaii, 

of  either  of  them.  -  m'/ 

The  neareft  diftance  of  any  two  Places,whicti 

is  always  to  be  computed  in  a  great  Circle,  is 

found  by  taking  their  diftance  as  they  are  drawn 

upon  the  Globe  j  (by  a  pair  of  Compaflfes  formed 

for  that  purpofe,)  and  applying  that  interval  to 

the  Equinoc^^ial  or  firft  Meridian,  to  know  the 

num- 
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number  of  degrees  between  the  two  Places ; 
and  reckoning  for  every  Degree,  60  EngUJh  or 
.15-  German  Miles.  For  the  magnitude  of  the 
Earth  is  fuch,  that  a  degree  of  a  great  Circle 
defcribed  upon  its  furfaee,  is  nearly  60  EngUJh 
or  1 5-  German  Miles. 

To  find  the  Angle  of  Pofition,  the  Globe 
muft  be  turn'd  about  till  the  firft  of  the  two 
Places  becomes  Vertical/which  it  will  be,  when 
it  arrives  at  the  Meridian  of  theGlobe^being  re-» 
dified  for  the  Latitude 'of  that  Place;)  then 
move  the  Quadrant  of  Altitude  faften'd  to  the 
Vertex,  and  confequently  to  the  firft  Place,  till 
it  touch  the  fecond  Place  ;  and  the  Arc  of  the 
Horizon  intercepted  between  the  Meridian  and 
Quadrant  of  Altitude,  will  be  the  meafure  of 
the  Angle  of  Pofition  between  the  Meridian  of 
the  firft  Place  and  the  Great  circle  (namely  the 
Caid  Quadrant)  paffing  through  the  two  Places, 
becaufe  the  Zenith  is  the  Pole  of  the  Horizon* 
The  Arc  of  the  Quadrant  intercepted  between 
the  two  given  Places  converted  into  miles, 
("without  the  help  of  the  Compaffes  ufed  above) 
will  give  the  diftance  of  the  Places.  But  ii^ 
repeating  the  former  Praxis,the  Angle  be  found, 
that  the  fame  Circle  paffing  thro'  the  two  Pla- 
ces makes  with  any  number  of  Intermediate 
Meridians ;  (paffing  thro'  for  inftance^  the  fe- 
veral  degrees  of  the  Equator ; )  the  Rhumhs 
will  be  determined,  along  which  you  are  to  fail 
to  the  intermediate  Places  fituated  in  the  faid 
Meridians,  if  you  would  fail  nearly  in  anArc  of 
a  great  Circle  ( that  is,  the  fliorteft  way  )  thro*, 
given  Places. 

1 3 .  Gi'uen  the  Hour  of  the  day  according  to  the 
reckoning  of  one  gi'uen  Flace^  to  find  the  Hour 
at  that  time  in  another  given  Place ;  and  to  find 
the  Flace  'where  a  given  Hour  is  reckon  d* 

Bring 
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Bring  the  Place  to  the  Meridian,  and  the 
Index  to  the  given  Hour  according  to  the  rec- 
koning of  that  Place,  then  turn  the  Globe  a- 
bout  till  the  other  given  Place  comes  to  the 
Meridian  ,  and  the  Index  will  point  at  the 
Hour  fought.  For  the  fecond  cafe,  bring  the 
Meridian  and  the  Indej^  to  the  giveri  Hour,  as  . 
before  3-  then  turn  the  Globe  till  the  Index  point 
jtt  the  other  given  Hour ;  and  all  the  Places  . 
then  under  the  Meridian  will  reckon  or  have 
the  given  Hour  of  the  day. 

If  you  are  for  calculating  it,  you  will  f?nd  it 
more  accurately.  If  the  twd  given  Places  are 
under  the  fame  Meridian,  or  have  the  fame 
Longitude,  they  will  alfo  reckon  the  fame  Houi* 
from  Noon  or  Midnight  •  But  if  their  Longi- 
tudes  differ,  the  difference  of  their  Longitudes 
found  hy  the  Globe  and  turn'd  into  Time,  gives 
the  diftance  of  the  Hours  in  thofe  Places  rec-' 
koned  at  the  fame  momentj  fo  as  that  the  Plac^ 
which  is  towards  the  Eaft  reckons  the  greater 
of  thofe  two  Hours.  In  the  latter  cafe,  where 
the  difference  of  time  is  given,  let  it  be  con- 
verted into  an  Arc  of  the  Equator :  And  this 
Arc  will  be  the  difference  of  the  Longitude, 
which  being  added  to  the  Longitude  of  the  gi- 
ven Place,  if  it  reckons  the  former  Hour,  oi*  $ 
fubduded  from  it,if  the  latter,  will  give  the  Lon- 
gitude fought;  and  all  the  Places  of  the  Earth 
under  the  Meridian  having  that  Longitude, 
will  anfwer  the  Queftion.  What  is  here  faid  of 
our  Hours  reckoned  from  Noon  or  Midnight, 
may  eafily  be  applied  to  Italic  or  Bahylonlcy  or 
even  Vlmetary  Hours,  by  reduceing  them  ;  aj 
was  (hewn  in  Vroh.  8, 


14.  Td 
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14.  To  fnd  the  Tiace  ii^heYe  the  Sun  is  'Vertical  at 
a  gi'ven  time  \  and  all  the  V laces  where  the  Sun 
at  that  time  af fear's  in  their  Horiz,on  rifing  or 
fetting. 
Having  redified  the  Teri-eftrial  Globe  for  the 
Latitude  of  your  Place  i\ndi  the  Cardinal  points 
)f  the  World,  turn  the  'Globe  about  till   that 
^lace  become  vertical^  and  let  the   Globe  in 
his  pofitiori  be  expofed  to  the  Beams  of  the 
)Un,  (  by  removing  the  Horizon,  that  hinders 
he  Rays  of  the  Sun,)  and  at  one  view  it  will  ap- 
pear in  what  places  of  the  Earth  it  is  Day,  and' 
/here  it  is  Night;  where  the  Sun  is  rifmg  and 
/here  it  is  fetting.    For   /^nce  the  Globe  and 
iarth  it  felf  are  fimilar  in  Figure  and  fimilarly 
ofited,  they   will  be  fimilarly  enlightened  by 
lie  Sun,  whofe  immenfe  diftahce  may  be  look- 
id  upon  as  infinite.    That  Place,   which  is  the 
ole  of  the  Circle,  marked  out  by  the  confines 
f  Light  and  Shade,  is  the  Place  where  the  Sun 

vertical^  and  may  be  deteritiin  d  mechanically, 
y  feeking  the  place,  vVhere  the  Shadow  of  a 
-yie  ereded  perpendicularly  upon  the  Surface 
'f  the  Globe  vanifties,  or  falls  uj3on  the  Foot 
•r  the  Style  it  felf.  If  the  fame  things  be  re- 
'iired  when  the  Sun  does  not  fhihe^  find  (by 
reced.  Prob.  )    the  Meridian   of   the  Places 

here  it  is  then  Noon,  and  in  this  Meridian 
'  ke  that  place  of  the  Earth,  whofe  Latitude  to- 
wards the  fame  Pole  is  the  fame  with  the  Sun's 
r.clination  at  that  time;  and  that  is  the  place 
^here  the  Siin  is  vertical,  and  if  it, be  made 
'■'rtieal,  the  Horizon  will  fhow  the  eotifthes  of 
light  and  Shade,  or  all  the  places  where  the 
hn  appears  in  the  Horizon  ;  and  then  'tis  eafy 
I  diftinguifti  the  Places  where  he  is  rifing,  from 
te  places  where  he  is  fetting. 
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I).  To  make  an  Horizontal  Dial  fbr  ^ given 
PL:ce  hy  the  hrlf  of  a  Glohe. 

Redify  the  Globe  (as  before )  for  the  Lati- 
tude of  the  Place  and  the  Cardinal  points  oj 
the  World  :  If  bcfides^the  Meridian,  there  were 
eleven  other  Hour  Circles  (  that  is,  24  Hour 
Semicircles  )  irftmovable ,  {landing  without 
the  Globe,  and  the  whole  Globe,  befides  the 
Are  about  which  it  revolves,  were  pellucid  j 
'tis  evident  that  the  Sun  placed  in  the  Meridian 
would  caft  the  fhadow  of  the  Axe  upon  the  0- 
ther  half  of  the  Meridian,  and  placed  in  the, 
OriQ  a  Clock  Hour  Circle  after  Noon,  would 
caft  the  {hadow  of  >he  opake  Axis  upon  the 
One  a  Clock  at  Night  Hour  Circle,  or  the. 
other  half  of  the  fame  Meridian  beyond  thfii 
Poles,  and  fo  on  in  the  other  Hour  Circles; 
If  beHdes  all  this,  you  imagine  an  Horizontal 
Plane  fhewing  the  ftiadov^  of  the  Axe  caft  up.' 
on  it  by  Reflexion,  when  the  Sun  is  in^the 
Meridian,  the  fliadow  of  the  Axis  projeded  upr 
on  the  horizontal  Plane,  will  be  in  that  part  of  th« 
common  fedion  of  the  Meridian  and  Horizon, 
which  is  beyond  theCenrer;  that  is,in  aRight  lim 
connecting  the  Center  with  the  interfedion  qI 
the  Meridian  and  Horizon:  When  the  Sun  is 
come  to  the  One  a  Clock  Circle,  the  fhadow 
of  the  opake  Axis  projeded  upon  the  horizon- 
tal Plane,'  will  be  that  part  of  the  common  Se- 
dion  of  the  One  a  Clock  Hour  Cirrie  witf: 
the  Horizontal  Plane,  that  lies  beyond  the  Cen- 
ter, or  which  conneds  the  Center  with  the 
common  interfedion  of  the  One  a  Clock  at 
Night  lK)ur'  Circle;  and  which  does  there- 
fore contain  with  the  Meridian  or  Twelve  , J 
Clock  line,  an  Angle,  that  is  meafured  by  «;h<l 
Arc  of  the  Horizon,  which  is  intercepted  be- 
tween the  Meridian  and  Oae  a  Clock  Circle 

afcej 

.  f     ■ 
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fcer  Noon  or  Midnight.    And  after  the  fame 

lanner   the  Sun^  when  ic  is    at    the  Two  ^ 

^lock  Circle  after  Noon,  caft  the  fhadovv  of 

he  Axe  upon  the  Horizontal  Plane  in  a  Right 

me  conneding  the  Center  and  interfedion  of 

^e  Two  a  Clock  at  Night  Hour  Circle  and 

torizon  j  which  therefore  makes  with  the  Me- 

ijdian  line  an  Angle,  that  is  meafured   by  an 

irc  of  the  Horizon  intercepted  between  the 

Meridian  and  the  two  a  clock  Circle;  and  af- 

^r  the   fame  manner  in  the  other  Hour  lines 

ippn  the  Horizontal  plane,  every  one  of  them 

lakes  an  Angle  with  the  Meridian^  which  is 

leafured  by  an  Arc  of  the  Horizon  intercept- 

i  between  the  Meridian  and   Hour  Circle  it 

f longs  to.    That  a  Sun-DiJ  therefore  may  be 

rawn  upon  an  Horizontal  Plane,  upon  any 

oint  as  a  Center,  let  a  Circle  be  defcribed  re- 

refenting  the  Horizon  of  the  Glgbe,  (  for  the 

)enter  of  it  reprefems  the  Center  of  the  Earth, 

r  in  the  prefent  cafe,  the  Center  of  the  World :) 

.'hro*  the  Center  draw  a  Meridian  line;  that 

',  one  that  being  produced  would  reach  to  the 

ardinal  Points  of  North  and  South,  and  upon 

ue  Center  ered  an  opake  Right  line  reprefent- 

iig  the  Axe  of  the  WorW,  tending  to  the  Pole  ; 

lat  is,  fo  as  in  the  plane  of  the  Meridian  to 

iake  an  Angle  with  the  Meridian  line  equal 

')  the  Angle  of  the  Elevation  of  the  Pole  above 

iie  Horizon  of  the  place.    Then  let  the  one  a 

ilock  line  after  Noon  be  drawn  from  the  Cen- 

:r  of  the  Circle  on  the  Eaftern  fide  of  the  Me- 

)dian  line  making  an  Angle  with  it,  meafured 

j^  the  Arc  of  the  Horizon  intercepted  between 

ie  Meridian  and  One  a  Clock  Hour  Circle.  But 

1:caufe  the  Hour  Circles  are  not  to  be  found 

^  Globes,  let  fome  certain  Secondary  (for  in- 

lmce,one  of  the  Colures)  be  pitched  upon,and 

T  z-  let 


z'^6      T/?^  Elements     BookB 

let  the  Glpbe  be  fo  placed,  that  this  afliimei 
Secondary  may  be  inftead  of  the  firft  Hov 
Circle;  that  is,  that  ij  degrees  may  be  inter 
cepted  between  the  fix'd  Meridian  and  this  ai 
fumed  one  ;  then  let  the  degrees  intercepte 
between  this  affuraed  one  and  the  fix'd  Meri 
dian,  be  reckoned  in  the  Horizon.  Turn  th 
Globe  then,  till  the  affiimed  Secondary  of  th 
Equator  come  to  be  in  the  place  of  the  Two :, 
Clock  Circle  in  the  Afternoon;  that  is>  till  }•{ 
degrees  of  the  Equator  be  between  it  and  th 
fix'd  Meridian^  and  the  degrees  of  the  Horizo: 
intercepted  between  the  Meridian  and  the  Cir 
cle  affumed  thus  pofited,  being  numbered  ;  lei 
lines  be  drawn  to  the  Eaftern  fide  of  it  from  th 
Center  of  the  Sundial^  making  Angles  with  th 
Meridian  line  meafured  by  the  fame  number, 
of  degrees^  and  they  will  be  the  Hour  lines  o 
One  and  Two  a  Clock.  And  proceeding,  afte 
the  fame  manner  muft  the  Lines  of  the  follow 
ing  Hours  be  drawn,  till  you  come  to  tha 
Hour  that  the  Sun  fets  at  in  the  Longeft  day 
Where,  'tis  evident,  that  the  Hour  fine  of  fix  i 
Clock  is  perpendicular  to  the  Meridian  line 
fmce  in  any  Latitude  whatever,  there  are  91 
degrees  intercepted  between  the  Meridian  anr 
the  fix  a  clock  Hour  line.  After  the  fame  manne 
are  the  Angles  to  be  determined,  that  the.  line 
of  the  half  Hours  or  any  other  parts  of  Hour 
contain  with  the  Meridian  line  upon  the  Hori 
zontal  Plane..  Having  done  drawing  the  Hou 
lines  upon  one  fide  of  the  Meridian,  foj  inftance 
for  the  Hours  after  Noon,  the  Morning  Hou 
lines  are  to  be  drawn  fo,  as  that  the  lines  repre 
fenting  the  equally  diftant  Hours  from  Noon 
may  make  equal  Angles  with  the  Mtridiar 
but  lying  on  the  other  fide.  After  the  like  mar 
ner  (by  the  help  of  the  i:^^^Trok)  may  a  Sur 

di 
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ial  be  drawn  upon  any  Plane :  For  any  Planp 
the  Horizontal  Plane  of  fome  place. 


Section   IV, 

ibout  the  determining  by  Obfervation,  the 
t  fitaation  and  refped,  that  the  Circles  of 
the  Sphere  have  to  one  another. 

Proposition  XVI. 

rO  determine  hy  Ohfewationj  the  Vlane  of  the 
Meridian  Circle  in  any  Thee* 
I  The  Place  being  given,  the  Horizon  is  alfo 
|ven:  for  that  is    determined  by  the  Sight. 
Ind  this  being  the  only  one  that  comes  under 
|e  notice  of  our  Senfes,  the  others  muft  be  de- 
j^rmined  by  the  refped  they  have  to  this  i  and 
rft  the  Meridian.    Let  two  planes  of  Vertical 
Urcles  be  found  by  Obfervation,  that  a  Cele- 
jial  Body,  which  does  not  change  its  Declina- 
on,  is  upon,  when  it  is  at  the  fame  Ahitude 
ziovQ  and  after  its  greateft  Elevation  above  the 
',!orizon  ;  the  Vertical  Plane  bifeding  the  An- 
ile contained  by  thefe  two  Planes,  will  be  the 
lane  of  the  Meridian,  and  produced  unto  the 
leavens  by  the  fight  will  mark  out  the  Meridian 
:>ught.    Since  (  by  the  fuppofition)  the  Cele- 
:ial  Body  does  not  change  its  declination,  it 
ill  defcribe  by  its  Diurnal  motion  a  Circle  pa- 
-illel  to  the  Equator  :  The  highefb  point  there- 
;»re  of  this  Circle  (as  alfo  .of  the  Equator  itfelf ) 
.;  in  the  Meridian  Circle,  and  the  points  that 
^e    at  equal  Heights  on  either  fide,  will  be 
Vjui-diftant  from  the  Meridian.      Wherefore 
onverfly,  that  Circle  from  which  the  Verticals, 
:i  which  the  Celeftial  Body  was  at  the  fame 
T  5  Alti* 
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Altitude,  are  equidiftang  on  both  fides,  is  thi 
Meridian  ;  that  is,  the  Circle,  whofe  Plane  bi 
feds  the  Angle  contained  by  the  abovememi, 
ohed  Verticals  is  the  Meridian  itfelf.   S^E.f] 
As  for  the  Pradice^  this  is  a  good  way  enougl 
of  folving  the  Problem:  Upon  Jt  Plane  paral 
lel  to  the  Horizon,   that  is,, one  to  which  j I 
Plummet  is  perpendicular  (fmce  the  Zenith  anc 
Nadir,  upon  which  the  Plummet  falls  when  pfo 
duced,  are  the  Poles  of  the  Horizon, J  erecti 
Style,  on  whofe  lower  extremity,  as  a  Center^ 
let  a  Circle  be  defcrib^d  upon  the  Horizonta. 
Plane,  and  let  a  point  be  marked  in  the  Cir 
cumference  of  it,  upon  which  the  ftiadow  oj 
the  top  of  the  Style  falls  before  Noon ;  and  a- 
gain  that  point  of  it  upon  which  the  fliadow  oji 
the  fame  falls  in  the  Afternoon ;  A  Right  line 
connecting    the    center  of    the    Circle    with 
that  point  which  bifedls  the  Arc  lying  between 
the  two  points  thus  marked,  is  the  common  Se- 
dion  of  the  plane  of  the  Meridian  with  the 
Horizontal   Plane ,  which    is    alfo  called  the 
Meridian  line  *^   becaufe    it    fhews    the    North 
and  South    Cardinal  points   by  its  diredion. 
A  Plane    therefore    ereded    upon    this  line^ 
perpendicular  to  the  Horizontal  plane,  is  the 
Plane  of  the  Meridian  fought.    When  the  Ce- 
leftial  Body  made  ufe  of  in  the  folution  of  this 
Problem  is  the  Sun,  'tis  evident  that  it  muft  be 
done,  when  the  Sun  does  not  fenfibly  change 
his  declination  ;    (  for  this  is  a  neceflary  quali- 
fication in  the  Celeftial  Body  pitched  upon  for 
this  purpofe;  )  that  is,in  one  of  the  Solftices.  Be- 
caufe  thefe  Cbferyations  are  to  be  made  before 
and  af  er  Noon,  the    Summer  Solftice  is  to  be 
preferred,  feeing  that  in  the  Winter  Solftice,  by 
reafon  of  the  Sun's  nearnefs  to  the  Horizon,  the 

uncer- 
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lihcertainRefradions  will  render  the  operatiqn 
doubtful;  and"  befides,  then  the  Sun  afcends 
and  defcends  too  obliquely,  altering  its  Ver- 
tical much  more  than  its  Altitude  ;  which  is  in- 
commodious in  this  operation,  where  the  Ver- 
tical is  to  be  determined  by  the  Altitude.  There- 
fore when  the  Sun  is  in  the  Summer  Solftice^,a 
Circle  is  to  be  drawn  upon  the  Horizontal  plane, 
fo  as  that  the  extremity  of  the  ftiadow  of  the 
Style  or  Gnomon  may  fsill  lipon  it,  when  the 
Sun  alters  its  Altitude  pretty  much,  and  his 
Azimuth  but  little  ;  and  therefore  feveral  con- 
centric Circles  are  to  be  drawn,  that  the  moft 
commodious  rnay  be  chofen. 

To  determine  the  Meridian  line  drawn  for 
jthe  fixing  your  more  accurate  and  perfed  In- 
jftruments,  this  operation  fhould  be  repeated,  and 
lothers  made  uie  of,  to  be  leen  amcngft  feveral 
pothers,  or  eafily  thought  upon  by  any  one: 
And  this  is  to  be  underftood  of  any  other  Obfer- 
lyations,  that  are  fundamental,  and  upon  which 
^  long  train  of  others  are  built.  The  longeft 
Styles  or  Gnomons  are  the  fitted  for  the  making 
^this  Obfervation  ;  And  inftead  of  an  opake  ex- 
tremity or  top,  in  a  large  Building,  a  hole  let* 
ting  the  Rays  of  the  Sun  pafs  thro'  it  into  the  - 
iiEdifice,  would  be  more  proper ;  as  C^JJinl  did 
in  the  Church  of  St.  Pctronlus  at  Bononia, 

Proposition  XVII. 

TO  determine  hy  Ohftr'uatlon  the  Height  cf  the 
Vole^  and  Situation  of  the  Eejuino^i^il^  i?i  regard 
ofthe  HcriZjOn, 

Where  one  of  the  Poles  has  a  confiderable 
Elevation,  [_Fig.  y.]  let  the  greatefl  and  lea.ft 
Altitudes  O  5  and  Off  above  the  Horizon  H(> 
of  any  Fix'd  Star  that  never  fets,  (both  of  whibh 
happens  in  the  Meridian, )  be  obferved  bv  an 
T  4  Inffiu- 
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Infliumen"  fix'd  in  the  plane  of  the  Meridiaq, 
(deternnii.d  by  the  priced.  Pnp)  And  ?S  or?c 
hair  the  difference  S&  of  thefe  two  Altitudes,  is 
the  diftance  of  the  Star  from  the  Pole :  This  di^ 
ftaj.ce  P<r  therefore,  or  TS  added  to  the  leffer 
Altitude  Oo-  or  fui  tracked  from  the  greateft  O  6", 
gives  OP  the  Height  of  the  Pole  You ght.  If 
the  Star,  when  it  is  at  its^reatefl:  Height  is  Htu- 
ated  upon  the  other  fide  of  the  Zenith  Z,  be- 
tween Z  and  H;  then  inflead  of  the  greateft 
Altitude  of  the  Star,  ycu  are  to  make  ufe  of  its 
complement  to  a  Semicircle,  in  the  foregcingi 
Calciilation. 

Great  care  and  diligence  is  to  be  ufed  ini 
niaking  this  pbfervation  :  For  upon  rhis  are  all 
the  other  obfervations  of  the  Sun  and  Fixed 
Stars,  and  confequently  all  Aftronomy  is  foun- 
ded. Such  a  Fix'd  Star  therefore  is  to  be  chofen 
as  is  ieaft  liable  to  Refradion  in  its  leaft  Alti- 
tude j  that  is,  the  'neareft  to  tne  Pole,  whicli 
does  not  approach  the  Horizon  too  much  :  Foi 
the  Refradion  of  Stars  are  liable  to  make  their 
places  obferved  near  the  Horizon  uncertain; 
as  fliall  be  fhewn  hei-eafter. 
^,  If  neither  of  the  Poles  be  elevated  enough  a- 
boye  the  Horizon,  then  the  thing  is  to  be  done 
by  the  "Meridian  Altitude  of  a  Star,  whofe  De- 
clination is  known;  as  fliall  be  fhewri  in  the 
Corollary  to  the  following  Vrofcfition,  And  i'a 
moft  places,  where  but  few  Obfervations  are 
dellgn'd  tobe  made,thismethod  is  ufually  taken. 
But  fincQ  the -Dbfervation  of  the  Declination 
of  the  Stars,  depends  upon  the  knowledge  of 
the  Height  of  the  Pole,  'tis  more  proper  to  lay 
down  fuch  a  manner  of  obferving  the  latter  as 
does  not  depend  upon  the  former  ;  which  alfb 
mufl  neceffarily  be  ufed  by  all  cautious  Obfer- 
vcrs,.  that  defjgn  to  determine  the  places  of  the 

Stars, 
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Stars,  and  without  trufting  the  Obfervations  of 
others  at  all,  fince  they  may  repeat  them. 

The  Height  of  the  Pole  being  found,the  Alti- 
tude of  theEquator^or  HE  the  Arc  of  theMeridi- 
an  intercepted  between  the  Horizon  HO  and  the 
Equator  E  ^is  determined  ;  For  it  is  the  Com- 
plement of  the  former  to  a  quarter  of  a  Circle : 
For  becaufe  HZ O  is  a  Semicircle,  and  PE  z 
Quadrant,  TO  and  HE  together  will  be  equal 
ro  a  Quadrant.  The  fituation  therefore  of  the 
Equator  in  regard  of  the  given  Horizon  HO,  is 
determined :  For  it  interfeds  it  in  the  points  of 
:he  true  Eaft  and  Weft,  which  are  marked  out 
by  a  Right  line  perpendicular  to  the  Meridian 
'found  by  the  preced.  Frop. )  and  the  Plane  of  it 
s  inclined  to  the  Plane  of  the  Horizon  by  an 
\ngle,  whofe  meafure  is  the  Arc  H  E  lately 
bund. 

SCHOLIUM. 

By  the  help  of  thefe  two  Propofitions  the 
magnitude  of  the  Earth  may  be  known.  If  a 
journey  made  along  the  Meridian  (drawn  by 
Prop.  16.)  be  exadly  meafured,  and  by  an  Ob- 
servation of  the  Altitude  of  the  Pole  made  at 
the  beginning  and  end  of  the  journey,  the  ra- 
tio of  the  Arc  of  the  Terreftrial  Meridian  inter- 
cepted, to  the  intire  Meridian  be  determined ; 
the  Circumference  of  the  intireTerreftrialMeri- 
dianwill  not  be  unknown:  And  confequently,the 
Earth's  Diameter,  and  from  thence  (by  Geo- 
metry,) its  Surface  and  Solidity  will  be  known. 

Befides,  becaufe  in  pradife,  a  journey  taken 
iinder  any  Meridian,  or  the  length  of  the  Way, 
is  every  where  very  nearly  proportional  to  the 
change  of  the  Eleration  of  the  Pole  by  Obfer- 
yation ;  'tis  evident  that  the  common  Section  of 
the  furface'of  the  Earth,  and  of  the  plane  of  any 
Kderidian  is  a  Circle,  and  confequently  that  the 

figure 
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ligiire  of  the  Earth  is  Spherical.  We  abftfa(S 
now  from  the  little  elevation  at  the  Equator 
(concerning  which  in  ?rof,  31.  B.  i)  which  ir 
the  before- mentioned  operation  will  be  infen 
fible, 

PRai^osiTioN    XVIII. 

TO  ohferve  the  Decimation  of  my  Celefita, 
Body. 

Let  the  Meridian  Altitude  cf  the  Star  pro^. 
pofed  be  obferved.  If  the  Star  be  in  the  qua- 
drant ZH  of  the  Meridian  [ .%.  6  ]  that  ths 
Equator  E^interfeds  the  Meridian  in,  as  at  <ri 
the  difference  cf  the  Altitude  of  the  Equatoi 
H£  and  of  the  Altitude  of  the  Star  H<r  (name- 
ly J?  <r)  is  the  Deciihatioh  of  tb^  Star  fought, 
But  if  the  Star  be  in  the  quadfaltit  Z  0  of  the 
Meridian,  in  which  the  Pole  P  is,  as"  in  5* . 
then  the  difference  of  the  Altitude,  of  the  Pole 
'?,  and  of  the  Altitude  of  the  Star  05,  (name- 
iy J  PS,)  or  the  diflance  of  the  Star  from  the 
Pole^  is  the  complement  of  the  Declinatidn 
fought.    ^  E.  I. 

We  add  nothing  at  all  here  about  the  actual 
making  the  Obfervations  and  the  conftruc^tiOn 
of  the  Inflruments^  in  which  the  chief  difficul- 
ty of  thefe  things  confifts.  For  Wt  fuppofe  the 
Maker  very  well  verfed  in  Pra^ical  Geomttrjy 
Mechanics  ^nd  Optics.  And  it  is  evident  that  it 
will  be  moft  commodious  for  any  one  that  is 
about  to  determine  the  Places  of  the  Fix'd  Stars, 
to  have  a  Quadrant  or  rather  a  Semicircle  in- 
tirely  immovable  in  the  Plane  of  the  Meridian, 
and  divided  into  Degrees,  and  their  lefTer  parts 
according  to  art,  and  an  Index  moving  upon 
its  Center,  furniflied  with  Telefcopic  Sights, 
for  the  ready  meafuring  the  Meridian  Altitude 
of  any  Star,  when  it  comes  to  the  Plane  of  the 

Meri- 
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Meridian:  For  this  Obfervatioti  of  the  Decli- 
haticn  of  the  Stars  is  of  great  ufe  in  correding 
their  Places. 

CO  no  L  L  ART 
As  the  Declination  of  an  Heavenly  Body 
is  found  by  the  Elevation  of  the  Pole  or  E- 
quator,  arid  the  Meridian  Altitude  of  the  Ce^ 
^eftiaI  Body  being  given ;  fo,  on  the  contfstty^ 
the  Elevation  of  the  Pole  or  of  the  Equator 
may  be  had^  by  the  Meridian  Altitude  and  De- 
clination of  the  Star  being  given.  -For  in  the 
quadrant  2  EjF/,  the  fum  or  difference  of  the 
lines  H(T^  Etr  gives  the  Elevation  of  the  Equa- 
^T  HE,  But  in  the  Quadrant  ZVO,  the  futu 
Or  difference  of  the  Lines  OS  and  ?  S  gives  the 
Altitude  of  the  Pole. 

• 
Proposition  XIX. 

TO  oh f ewe  the  Inclination  of  the  Ecliptic  to  the 
Equator  or  the  Obliquity  of  the  Ecliptic,  and 
\to  determine  its  Situatiojt  and  conjequently  that  of  the 
\Goluresy  Tropics  and  Polarsy  in  tefpe^  of  the  Equator, 

Let  the  Sun's  Declination  be. daily  obferved 
.about  both  Solftices:  (by  the  preced.j  This, 
Where  it  is  greateft,  is  the  Obliquity  of  the  E- 
:cliptic  fought.  For  fince  the  Ecliptic  is  thc^ 
:Way  of  the  Sun,  as  big  as  the  greateft  Declina-  * 
tion  of  the  Sun  is,  fo  big  is  that  of  the  Ecliptic 
it  felf ;  confequently  the  one  being  obferved, 
the  other  is  alfo  obferved.    j^.  E.  F. 

But  fince  from  the  preceding  Praxis,  the  De- 
clination of  a  Celeftial  Body  can't  be  obferved, 
excepting  when  that  Star  is  in  the  Meridian ; 
if  the  Solftice  fhould  happen  to  be  celebrated 
when  the  Sun  is  not  in  the  Meridian. of  the 
Obferver^  (which  will  generally  happenj  there 
will  be  feme  error  ,•  but  fo  fmall  as  to  be  not 
worth  regarding.      For  we  gave  inftrud:ions 

.  that 
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that  the  Declination  fliould  be  taken  any  Noon; 
and  confequently  the  greateft  error  will  be 
when  the  ^olftice  is  celebrated  at  Midnight; 
that  is,  at  that  point  of  time  which  is  moft  re- 
nioie  from  Noon.  The  error  therefore^  when 
it  is  greateft,  will  be  equal  to  what  the  Suns- 
Declination  12  hours  before  or  af.er  the  Solftice 
v/ants  of  its  greateft  Declination :  But  this  does 
not  arife  to  above  four  Seconds;  tho'  the  Obli- 
quity it  felf  is  not  determined  to  a  minute,  or 
even  two,  by  Ar tifts  themfelves.  Of  the  Solfti- 
ces  that  is  to  be  chofen,  in  which  the  Sun  may 
be  beft  obferved  without  any  danger  of  error, 
and  in  this  regions  near  the  North  Pole,  the 
Summer  Solftice;  becaufe  the  Sun  in  the  Winter 
Solftice,  even  at  Noon  it  felf,  is  not  out  of  all 
danger  of  Refra||:ion  ;  which  is  a  matter  of  ve- 
ry great  moment  in  this  kind  of  Obfervation. 
There  are  fome  places,  where  to  find  the  Obli-* 
quity  of  the  Ecliptic,  it  may  be  advifable  to  fub- 
traci  the  Meridian  Altitude  of  the  Sun,  when  in 
one  of  the  Solftices,  from  its  Meridian  Altitude 
in  the  other,  if  the  Sun-  in  both  cafes  be  on 
the  fame  fide  of  the  Zenith ;  but  if  on  different 
fides,  from  the  Complement  to  a  Semicircle  of 
the  latter  ^Meridian  Altitude,  to  have  the  di- 
•  fiance  of  the  Tropics  remaining,  half  of  which 
is  the  Obliquity  fought. 

To  get  the  ObHquity  of  the  Zodiac  with 
great  exadnefs,  Obfervations  continued  for  fe- 
veral  Years,  fays  the  skilful  and  induftrious 
He-veliusy  and  fuch  as  are  compleat  on  all  ac- 
counts, taken  by  your  larger  Inftruments,  and, 
fuch  as  may  be  depended  upon,  are  neceffary, 
Ancl  upon  this  account  it  is  that  now-a-days, 
\vhen  Inftruments  are  both  great  and  accurate-^ 
ly  divided  and  furnifhed  with  Telefcopic  Sights, 
there  is  a  fenfible  difFerejiceobfervable  between 

the 
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the  Obliquities  of  the  Zodiac  fet  down  by  dif- 
ferent Artifts.  For  Hevelius  makes  it  ij^^S.  30'. 
io"'^.  The  fame  dots  Rkciolus  in  his  Reformed 
/ifironomy.  Mouton^  who  has  writ  almoft  an  en- 
tire Book  tipon  this  Argument,  choofing,  after 
feveral  repeated  Obfervations,  the  middle  be- 
tween the  extremes,  fixes  upon  25^^  50',  as 
Ricdolus  in  his  Almagefi  does  from  fome  feleft 
Obfervations :  This  is  what  Mr.  ^^r^e^alfo,  in  his 
Aftronomia  Carolina^  fets  down,  and  moll  Aftro- 
nomers  now  make  ufe  of.  Notwithftanding 
Mr.  De  la  Hire^in  his  Afronom.  Tables ^  Van  firfi,  of 
the  Motions  of  the  Sun  and  Moony  makes  it  an  in- 
tire  minute  lefs^  namely,  only  2;°.  29^,  and 
that  from  Obfervations  near  the  Zenith,  and 
out  of  all  danger  from  Refrad:ion. 

And  were  the  judgment  of  the  Ancients  a- 
bout  this  ipatter  confulted,  fo  great  a  difference 
would  be  found  between  the  Obliquity  obferved 
by  them  and  that  taken  from  the  Heavens  now, 
that  fome  Authors  have  thought  it  tobechanga- 
ble,  befides  the  change  made  in  it  twice  a  Year; 
which  we  don't  here  difpute  about,  .becaufe  al- 
moft infenfible  :  Since  from  the  time  of  Arifiar-' 
chus  the  Samian,  who  flourifhed  near  300  Years 
before  Chrift,  it  was  reckoned  to  be  about  2 a°  : 
But  in  Ttolem/s  time,  about  140  Years' after 
Chrift,  not  above  23°.  ^i\  And  again,  in 
Alhategnlus's  time,  near  900  Years  after  Chrift, 
only  2:;g^.  ^^^.  And  Tjcho  by  his  Obfervations 
makes  it  to  be  but '2 15°.  ^i\  iof\  Yet  the  moft 
induftrious  obfervers  of  the  prefent  Age,  will 
have  it,notwithftanding;  to  be  conftant  ;  name- 
ly,  Gajfendus^  'Rkciolus^  Horrox  and  He'veliusy  who 
does  not  think,  in  his  Vrodromusy  that  we  ought 
to  depend  fo  much  upon  their  Obfervations, 
fmce  they  did  not  make  ufe  of  the  beft  Inftru- 
ments,  nor  proceeded  in  the  fiiorteft  method. 

Nay, 
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Nay^  fo  me  of  the  Ancients,  and  VfoUmy  himfelf, 
141  his  Almagefi\  think  fo  too  ;  Alhategnim  for  the 
fame  reafon  with  Hevdiusy  prefers  his  own  Ob- 
fervations  to  thofe  of  the  Ancients.  And  Gaf- 
fendus  in  the  Life  of  Feireskius^  fhews,  by  fome 
Obfervations  of  his  own  making,  that  the  Ob- 
liquity of  the  Zodiac  is  the  fame  now-a-days, 
as  it  was  in  the  time  of  Alexander  the  Great  ^  be- 
caufe  he  found  by  an  Obfervation  made  at  Mar-^ 
fellies  by  himfelf,  that  the  ratio  of  the  Gnomon 
to  its  fhadow  at  Noon  in  the  Summer  Solftice, 
was  the  fame  with  that  pbferv'd  in  the  fame  Ci- 
ty at  the  fame  time  of  the  Year  by  Vytheas  Majfh 
Uenjts, 

Befides,  the  points  in  the  Heavens,  where  the 
Ecliptic  interfeds  the  Equator  are  they,  iQ 
which  the  Sun  appears  when  the  days  are  e- 
qual  to  the  nights  to  an  Obferver,  to  whoni 
either  of  the  Poles  is  elevated  abov^'the  Horir 
zon.  This  therefore  is  the  fituationof  th^  Eclipr 
tic,  that  it  may  cut  the  Equator  in  the  fai4 
points,  and  be  inclined  to  the  Equator  in  the 
Angle  above  determined,  half  of  it  tending  to 
the  North  Pole,  in  which  the  Sun  is,  when  th^ 
Days  are  longer  than  the  Nights  to  the  Inhabi- 
tants of  the  Northern  Hemifphere  of  the  Earth. 
The  iituation  of  the  Ecliptic  being  given,  th^ 
fituation  of  the  Tropics  is  immediately  given; 
feecaufe  they  are  parallel  to  the  Equator,  and 
touch  the  Ecliptic,  and  are  as  far  from  the  Equa- 
tor, as  the  Obliquity  of  the  Ecliptic  is  great, 
and  the  Polar  Circles  are  as  far  diftant  from 
the  neareft  Poles.  The  fituation  of  the  Co- 
lures  is  deduced  from  hence,  for  they  pafs 
thro'  the  Equinod:ial  and  Soiftitial  points  found 
before,  and  interfed  one  another  at  right  angles 
in  the  Poles  already  determined  by  Obferva- 
tion. 

Pro. 
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Proposition  XX. 

rH  E  Obliquity  of  the  Ecliptic  heing  given y  to 
find  by  calculation y  the  R^bt  Afanfion  and. 
"kclinatlon  of  a  given  foint  in  it,  as  alfo  t be  Angle 
hdt  the  Ecliptic  makes  with  the  Meridian  at  the  f aid 
oint-;  and  i:on'uerfely ^  to  define  th^  point  af  the  Eclip" 
Icj  to  'which  ^ne  of  thefe  agrees^  and  confequently  to 
letermine  the  place  of  the  Sun  in  the  Ecliptic ^  by  an 
)bJervation  made  in  Vrop\  1 8. 

Let  £  ^  [  Fig.  7.  ]  reprefeiy  the  Equator^ 
vhofe  Pole  is  P-;  E  L  the  Ecliptic ;  E  the  point 
)f  one  of  the  Equinoxes ;  L  a  point  given  ia 
he  Ecliptic,  thro'  which  let  a  Circle  of  Decli- 

Ji^ion,  as  ?  L  ^^  be  fuppofed  to  be  drawn. 
n  the  Spherical  Triangle  E  L^,  there  is  gi-; 
ten  the  Side  E  L,  namely  the  diftance  of  thie 

;iiioint  given  from  L,  and  the  Angle  ^E  L^  thd 
Obliquity  oiF  the  Ecliptic  ^  the  Angle  :^alfp 
s  given^  namely  a  right  one,  becauie  P  is  the 
^ole  of  the  Circle  £  ^:  The  fide  ^L  therer 
ore  will  be  found  (by  Spherical  Trigonometry,) 
vhich  is  the  Declination  of  the  point  L  fought, 
ind  is  North  or  South,  according  as  the  .adja- 
:ent  Pole  is :  In  like  manner  the  Side  E  ^  will 
)e  found,  which  (according  to  the  fituation  of 
he  point  L  in  this  or  that  Quadrant  of  the  E* 
zliptic,  and  the  nature  of  the  point  E)  will  be 
iither  the  Right  Afcenfion  fought,  or  irs  coiti- 
element  to  a  quarter,  or  half,  or  three  quarters, 

1 51  an  intire  Circle.  For  the  Angle  ^Z:  £  is  gi- 
t^en,  that  the  Ecliptic  makes  in  the  faid  point 
with  the  Circle  of  Declination  or  MeridiaiJ. 
The  converfe  of  this  is  done  after  the  like  man- 
ner :  Yet  we  are  to  take  notice,  that  there  are 
:wo  points  of  the  Ecliptic,whofe  Declination  to-  ^ 
wards  the  given  Pole  is  the  fame  j  and  therefore 
fome  fort  of  a  determination  is  neceflary. 

SscTioi? 
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Section  V. 

Of  the  Fix'd  Stars,  and  the  determining 
their  Places  by  obfervation,  and  fome  o- 
ther  things  that  belong  hereto. 

Proposition  XXL 

TO  explain  the  fever  al  Orders  of  the  Fix*  d  Star  Sy 
into  'which  they  are  divided  on  account  oftheiri 
different  ^ffarent  Magnitude ;  and  to  give  an  ao^c- 
count  of  this  difference. 

In  fome  of  the  preceding  Propofitions  we  hav€f( 
laid  down  th^  method,  whereby  the  pofition  of 
the  chief  Circles  of  the  Sphere  are  determinedc 
in  refpedt  to  the  fenfible  Horizon  ^  namely,  of > 
the  Meridian,  Equator,  Zodiac,  both  Colures,!. 
Tropics  and  Polar  Circles:  We  fhould  no\n^\ 
fliew  the  way,  how  the  Places  of  the.  Fix'd 
Stars  in  refpcd  of  thefe  Circles  are  to  be  founii 
But  before  that,  we  muft  fay  fomething  about ' 
the  Fix'd  Stars  themfelves,  their  differences  and 
order. 

And  firft,  there  appears  a  vaft  difference  a- 
mong  the  Fixed  Stars  as  to  their  apparent  Mag- 
nitude and  efficacy  of  their  Rays,  to  any  one 
that  fliall  but  look  up  to  the  Heavens  in  a  clear  ' 
eight  when  the  Moon  does  not  fhine.     On  this 
account  Aftronomers  have  made  fix  Clalfes,  or  i 
Orders  of  them,  the  greateft  of  which  they  call  i 
Stars  cf  the  firfi  Magnitude-^  the  leaft,  Stars  of  the  ! 
Jixthy  and  the  intermediate  in  the  fame  order*  ^ 
Some  make  the  difference  to  lie  in  the  real  ' 
magnitude  of  the  Stars,  afferting  fome  of  them 
to  be  really  bigger  than  others,  while  they  are 
ail  equally  diftant  3  becaufe  placed  according  to 

them 
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hem  in  the  fame  Spherical  furface :  Others  fol- 
owing  theAncients^  make  their  different  diftance 

0  be  the  caufe  of  theirdifferent  Magnitude. 
And  this  opinion  is  very  much  favoured  by- 
he  number  of  the  Fix  d  Stars  of  the  firfl:  and 
bcond  Magnitude.  For  if  every  Fix'd  Star 
id  the  office  of  a  Sun,  to  a  portion  of  the 
/lundane  fpace  nearly  equal  to  this  that  our 
uncommands,there  will  be  as  many  Fix  d  Stars 
f  the  firfi  Magnitude,  as  there  can  be  Syftems 
f  this  fort  touching  and  furrounding  orfrs; 
lat  is,  as  many  equal  Spheres  as  can  touch 

1  equal  one  in  the  middle  of  them.  Now, 
is  certain  from  Geometry,  that  thirteen 
.pheres  can  touch  and  furround  one  in  th& 
liddle  equal  to  them  ,  (for  Kefler  is  wrong  in 
jferting,  in  5.  i  of  the  Eplt,  that  there  may 
I;  twelve  fuch,  according  to  the  number  of  the 
.ngles  of  an  IcofaedrHm,)  and  juft  fo  many  un- 
Dntroverted  Stars  of  the  firft  Magnitude  are 
iken  notice  of  by  Obfervation.  For  Aftrono- 
jers  are  not  as  yet  agreed  upon  their  number  : 
iEVelius  reckons  the  bright  Star  in  the  Eagle  s 
l^oulder  of  the  fecond  magnitude,  whereas  Tycho 
tade  it  of  the  firft  ;  and  on  the  contrary  He've*' 
Is  makes  the  little  Dog  and  the  right  Shoulder  of 
lion  of  the  firlt  magnitude,  and  Tycho  of  the 
f:ond.  And  there  are  others  that  He^vdius 
tufelf  doubts  of. 

Again,if  it  be  asked  how  many  Spheres  equal 
t  the  former  can  touch  the  firft  Order  of 
5heres,  furrounding  the  Sphere  placed  in  the 
fcginning,  (or  rather  a  Sphere  comprehending 
tofe  former  thirteen  together  with  a  fourteenth 
i:  the  Center  ^ )  the  number  of  thefe  will  be 
fund  to  be ^2,  or  4x13.  For  the  centers  of 
t^fe  Spheres  of  the  fecond  Order  are  in  a  Sphe- 
r  al  furface,  which  is  quadruple  of  that  in  which 
U  Che 
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the  centers  of  the  Spheres  of  the  firft  Orde 
touching  the  inmoft  are,  fince  the  Diameter  c 
the  one  is  double  that  of  the  other ;  and  nearl^ 
as  many  Fix'd  Stars  of  the  fecond  magnitud 
have  been  taken  notice  of ;  He^uelius  makinj 
them  to  be  about  50;  Keller  following  Tyck 
y8 ;  and  Vtokmy  not  above  45" ;  now  we  affum  I 
the  middle  between  them  :  For  there  is  ! 
greater  difference  among  Aftronomers  abou)| 
Stars  of  the  fecond  magnitude  than  abou' 
Stars  of  the  firft.  Nor  will  there  be  an}; 
great  difference  from  Obfervation  in  detefl 
mining  the  number  of  the  Fixd  Stars  oftliill 
other  magnitudes  according  to  this  methodi 
For  the  farther  confideration  of  this  matter,  '\\ 
only  remains  that  we  Ihew,  that  there  is  th( 
fame  Order  obferved  among  the  Fix'd  Stars  0 
the  firft  rank,  as  there  is  between  the  centra 
Bodies  of  the  Spheres  touching  and  furroundrnj' 
the  inmoft  Sphere  (near  whole  Center  the  Eyi 
is  placed;)  and  the  fatne  between  the  Fix  d  Star 
of  the  fecond  magnitude,  as  there  is  betweei 
the  central  Bodies  of  the  Spheres  fecond  in  or 
dcr  from  thefe*  andfo  on.  And  here  indeec 
the  matter  does  not  go  on  fo  well,  (which  madt 
Kefkr  of  another  opinion,)  as  is  evident  ever 
flrom^  hence,  that  upon  the  firft  caft  of  our  Eye 
upon  the  Heavens,  fome  trads  of  the  Firma 
ment  appear  fiU'd  with  innumerable  Fix'd  Stars 
whereas  others  are  found  to  be  almoft  emptj 
and  void  of  any. 

But  there  is  no  great  error  committed  if 
the  order  of  the  Stars  of  the  firft  and  feeonc 
magnitirde,  as  will  appear  to  any  one  thai 
makes  a  comparifon  :  For  there  are  fix  Stars  01 
the  firft  magnitude  in  the  Zodiac,  three  to  th( 
North,  and  four  to  the  South,  nearly,as  it  ough 
fo  fee  according  CO  thi?  Theory, 

Pro 
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rO  enumerate  the  Confiellationsy  into  ivhich  thi 
Fixd  Stars  are  dtfirihuted  by  Afiroiiomers* 
The  Ancients  either  following  the  Shape  and 
Jgure  of  the  difpofition  the  Stars  appeared  inj 
i  led  by  Religion^  have  diftributed  all  the  Fix- 
i  Stars  vifible  in  our  Temperate  Zone^into  48 
Iiages  :  Twelve  of  which  are  lituated  along 
Iigth  of  the  Zodiac,  and  give  names  to  its 
Jodecatemories :  And  there  are  in  the  Northern 
blf,  Ariesy  Taurusy  Gemini^  Cancer,  Leo  and  Virgo  ^ 
^xh^SoMlh^xtiy  Libra,  S corf w,  Sagittarius ,  Ca- 
p:ornu5yAquarius  and  Vifces*  The  othef  Images 
A{  placed  in  the  Hemifpheres  feparated  from 
fp  Another  by  the  Zodiac  :  in  the  Northern 
%f^  namely  the  little  Bear,  the  great  Bear,  Draco^ 
Qvheus,  Bootes,  the  Northern  Crown,-  Hereides ^ 
La,  Cygnus^  Cajjlofeia,  Verfeus^  Andromeda,  the 
tnngk,  Auriga,  Vegafus,  Etjuuleus,  Dolphin,  Sa^ 
^a,  Aquila,  Serpentarius,  Serpens,  To  thefe  wer€J 
af  awards  added  the  Conllellations  of  Antinous 
ftik  out  of  the  unformed  ones  near  Aquila,  be- 
t«;en  it  and  Capricorn  and  Sagittary^  and  o^ 
(k^a  Berenices  out  of  the  unformed  ones  neaif 
tl| Lyons  Tail.  Vtolemy  makes  Antinous  belong 
to  Aquila,  and  Equuleus  to  Vegafus,  On  the 
Sethern  part  of  the  Zodiac  there  are  if  Con-» 
fteations  known  to  the  Ancients,  namely  Cetm^ 
ErlanUs,  Lepus,  Orion,  the  Great  Dog^  the  Little 
Ik^  the  Ship  Argo,  Hydra,  the  Cup,  Corvus,  thi 
Cttaur,  Lupus  ^  At  a,  the  Southern  Crown,  and  Fifces 
AuriHus. 

o  thefe  are  lately  added  12  Conftellations^ 
tte  are  invifible  to  us^beingnear  the  SouthPole^ 
ftaiely  the  fhcenix^  Grus,  Pavo,  Indusy  Apus,  South 
Tringle,  Mufca,  Chameleon,  Tifcis  'Volans,  Toucan^ 
or  infer  ArPsfericanus,  Hydrus,  Xifhias  ot  Dofa^. 
V  z  Ther© 
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There  are  fome  other  Stars,  which  are  not  witl: 
in  the  compafs  of  the  Images  defcribed,  or  n 
ducible  to  them,  thefe  therefore  they  callt/;! 
formed ;  and  out  of  tliefe,  fome  of  the  more  cor| 
fiderable  Obfervers  of  the  Fix  d  Stars^make  no\j 
and  then  fome  new  Conftellations,  and  giirl 
them,  proper  names.  Thus  the  Accurate  Mr.  Ec\ 
mund  Hallejiy  who  firft  of  all  obferved  with  ex 
adnefs  the  Stars  near  the  South  Pole,  while  fe 
was  at  St.  Helena^  has  taken  this  liberty,  in  forir 
ing  a  new  Coriftellation  into  the  Image  of  a 
Oak,  out  of  the  unformed  Stars  that  lie  betwee 
the  Ship  Argo  and  the  Centaur,  and  confecrate 
it  under  the  name  of  Rohur  Carolmum,  or  tl 
Royal  Oak,  tranflated  into  the  Heavens  in  pei 
petual  memory  of  the  Prefervation  of  Kin 
Charles  IL  inthe  hoUow  thereof.  Thus  Bartfchu 
in  his  Globe  of  four  foot  diameter,has  two  oth<li 
new  Conftellatiom,  the  Camelopardy  and  the  Mi 
noceros,  that  He-velius  retains. 

But  Hevelius  himfelf  has  gone  farther  in  thi 
matter,  and  has  made  up  more  new  Conftells, 
tions  out  of  the  unformed  ones,  than  any  of  th 
Moderns  befides,  as  is  evident  from  his  Firmr 
?nent;  where  he  has  plac'd  Leo  minor  betwee 
Leo  andUrfa  major,and  Lynx  between  Urfa  mi 
jorand  Auriga  above  Gemini;  the  C^nes  Vem 
tici  after  Urfa  major  and  under  its  Tail ;  fo  ih 
what  to  Tycho  was  an  unform'd  Star  betwee 
the  Tails  of  Helice  and  Leo  (afterwards  call'dC 
Caroli  by  the  EngUfl),)  by  He-velius  is  faid  to  I 
m  Annulo  j^rmilla  Char  a,  or  Collar  of  Char  a  ;  tl* 
Lacerta  or  Stillio  between  Andromeda  and  Cyf 
nus ;  the  Sextans  Urania  between  Leo  and  H) 
dra ;  Scutum  SoHefciannum  between  Aquila  ai* 
Serpentarius ;  Fulpecula  cum  Anfere ,  betwee 
Aquila  and  Lyra  under  Cygnus ;  Triangulm  m 
??/«  between  Triangulum  Boreal©  and  the  He^ 
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of  Aries.  He'has  altered  fpme  of  the  ancient 
Conftellations  a  little,  and  added  others  to  them; 
IS  he  has  armed  Antinous  with  a  Bow  and  Arro^, 
A^ho  was  befoTp  unarmed,,  and  placed  Cerberus 
ibove  the  benfjing  of  Hercules  s  left  Arm,  and 
Mons  Manalus  tmder  the  feet  of  Bootes.  The 
Z^onftellations  are  fet  in  the  places  defcribed,  as 
I  continuation  of  the  ancient  Fables  of  the  ad- 
acent  Conftellations,  left  he  fliould  break  too 
nuch  in  upon  or  diforder  the  Rules  and  Judg- 
nents"  of  the  Aftrologers,  or  to  perpetuate  the 
nemory  of  fome  noble  Adion. 

Others  again  are  for  giving  the  Stars  new 
Barnes,  fuch  as  are  Chrifiian  ones;  a  fpecimen 
tf  this  we  have  in  the  Venerable  Bede  in  the 
jgns  of  the  Zodiac  ;  and  Julius  Schillerus  has 
ontinud  in  his  Caelum  Stellatum^  or  Starry  Hea- 
ven, publiflied  in  the  Year  1627.  Thisdefign 
as  been  very  juftly  difapproved  of  by  Coperni- 
usy  Tychoy  and  Hevelius  in  his  Firmament y  and  o- 
her  Aftronomers,  who  think  the  ancient  names 
ught  to  be  retained,  for  fear  of  confufion, 
nd  by  degrees  lofing  the  Ancient  Aftronomy, 
'or  by  this  method,  which  has  been  conveyed 
own  to  us  from  the  original  of  Aftronomy, 
/e  obtain  what  was  of  the  greateft  importance 
a  this  matter  ;  namely  (as  Copernicus  fays)  that 
0  vafi  a  multitude  of  Stars  might  he  difiingmjhed 
>)to  parts y  and  that  thefe  may  ha've  fome  nmies  to 
xprefs  them  hy. 

The  Via,  LaBeayOr  Milky  Way,comes  under  this 
icad  of  Conftellations ;  for  the  prefent  Age  has 
ound  it  to  be  a  colledion  of  innumerable  little 
nx'd  Stars,  as  fome  of  the  Ancients  believed,  as 
Manilius  informs  us :  'Tis  a  broad  Circle  white 
ike  Milk,compa{Iing  the  whole  Heavens ;  fome- 
imes  in  a  double,  but  generally  a  fingle  path^ 
faffing  thro'  CalEopeia,  Perfeus,  Auriga,  the 
U  :5  Feec 
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Feet  of  Gemini,  Orion's  Club;  the  fore  parts* 
Monoceros,  the  Tail  of  Canis  Major,  Ar^ 
Navis,  Robur  Carolinum,  Crux  and  feet  of  t\ 
Centaur ;  after  which,  it  is  divided  into  tw 
parts,  overagainft  Ara;  its  Eaftern  part  paff 
thro*  Ara,  the  extremity  of  the  Tail  of  Scdrpic 
the  Eaftern   foot  of    Serpentarius,    the  Bo^ : 
of  Sagittarius,  Scutum  Sobiefcianum,  the  fetl' 
of  Antinous  and  Cygnus,   where  its  greate: 
part  joins  the  other :  But  the  Weftern  part  pa; 
fes  thro*  the  former  part  of  the  Tail  of  Scorpic 
the  Right  of  Serpentarius  and  Gygnus ;  an 
ends  its  courfe  in  Cafliopeia,  where  Manilk 
begins  the  defcription  of  it.    There  are  othe 
leffer  divifions  of  the  Galaxy y  the  which  may  b 
feen  in  He'ueliuss  Firmament,     There  are  ali 
two  Nubecula  fomewhat  refembling  the  Milk 
Way,  fituated  near  the  South  Pole,  invifible  i 
Europe,    and   called  by  Sailors,  the  Magellan, 
Cloudsy  are  exadly  like  the  whitenefs  of  the  G^ 
laxy,  as  Mr.  Halley  affures  us;  and  being  viewV 
by  a  Telefcope,  they  prefent  us  here  and  ther 
with  little  NeW^,  and  fmall  Stars.  The  greate' 
of  thefe  two  is  fituated  between  Hydrus  ant 
Dorado,  the  lefs  between  Anfer  Americanus  o 
Toucan  and  Hydrus. 

Proposition  XXIIL 

TH  E  Theory  of  the  Sun  and  a  Tendulum  Clod 
being  gi'ven,  to  determine  the  Right  Afcenjion  oj 
the  Fix  d  Stars  by  ohfervation. 

Having  explained  the  difference  of  the  Fix'c 
Stars,  as  well  on-  the^accoiint  of  their  apparent 
magnitude,  as  of  the  figure  of  the  Conftella* 
tions,  into  which  they  are  commonly  divided; 
what  remains  is  to  (hew  the  mechod  of  deter- 
mining the  Place  of  any  of  them,  in  regard  of 
the  Circles  of  the  Sphere,  whofe  fituation  has 

been 
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)een  determined  before,  and  firft  in  regard  of 
he  Equator;  for  which  purpoife,  we  have  fhewn 
low  to  obferve  the  Declination  of  any  one  of 
hem  in  iProp.  18;  it  remains  therefore  that  we 
ind  the  Right  Afcenfion  i  But,  becaufe  the  be- 
;inmng  of  the  Equator,  from  whence  the  Right 
Liceailon  of  the  Stars  is  reckoned,  is  its  inter- 
s^lion  with  the  Ecliptic ;  in  which,  though  the 
un  be  found  once  a  Year,  'viz,  in  the  begins 
ling  of  our  Spring,  yet  it  prefently  departf^ 
rom  thenge,  and  leaves  that  point  obfcure  or 
larked  out  by  no  appearance  that  may  come 
nder  the  cognizanqe  of  our  Senfes;  and  laftly, 
ach  an  one  as  that  the  Afc^nfions  of  the  Stars 
an't  be  immediately  deduced  from  thence  by 
)bfervatio|i  i  fome  Phaenomenon  therefore  is 
)  be  pitched  upon,  whofe  Right  Afcenfion  is 
iven  every  moment,  that  the  Right  Afcenfions 
f  the  others  may  be  obferyed  from  this.  And 
fall  others,  the  fitteft  for  this  purpofe  is  the 
un,  becaufe  its  motion  is  the  moft  fimple,  and 
,  s  Right  Afcenfion  is  quickly  found,  by  Prop.20, 
:  s  place  in  the  Ecliptic  being  given.  If  its 
(Theory  therefore  be  given,  that  is,  if  its  place 
1  the  Ecliptic  at  a  given  time  be  given,  and  a 
)lock  alfo  whofe  Index  moves  round  equably, 
le  Right  Afcenfions  of  the  Fix'd  Stars  may  be 
lus  obferved. 

tirft,  let  the  Clock  be  ordered  fo,  as  that  the. 
idex  may  go  over  the  24  Hours,  during  the 
me  that  any  Fixd  Star,  departing  from  the 
leridian,  returns  to  it  again,  which  is  a  little 

fs  than  a  natural  Day.  Lee  the  Index  of  a 
Jock  thus  order'd,  be  fet  to  twelve  a  Clock, 
'hen  the  Sun  is  in  the  Meridian,  'And  lee  the 
our  the  Index  points  at,be  taken  notice  of^,  that 
le  fix'd  Star  whofe  Right  Afcenfion  is  fought, 
)mes  to  the  Meridian  at.  Let  thefe  hours  and 
U  4  *   part^ 
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parts  be  turn  d  into  degrees  of  the  Equator  and 
their  parts,  as  wasfiiewn  before:  And  you  will 
have  the  difference  between  the  Right  Afcenfi^ 
ons  of  the  Fix  d  Star  and' the  Sun 5  this  added 
to  the  Right  Afcenfion  of  the  Sun,  gives  the 
Right  Afcenfion  of  the  Fixed  Star  fought. 

If  in  the  Clock  fitted  to  the  diurnal  Motion  of 
a  Fix  d  Star,  inflead  of  the  24  Hours,  there  are 
placed  360  Degrees,  and  their  Sexageffim^l 
parts,  and  if  while  the  Sun  is  in  the  Meridian, 
the  Index  be  placed  to  the  number  of  Degrees' 
and  Minutes,  the  Right  Afcenfion  of  the  Suri| 
then  confifts  of  ]  it  will  then  point  at  the  Right 
Afcenfion  of  the  Fix  d  Star,  without  any  far-i; 
ther  reduction,  whenever  it  arrives  at  the  Me-I 
ridian.  '  .    ^ 

Proposition  XXIV, 

THE  Declination  and  Right  Afcenjton  of  one 
Star^  and  the  Declination   of  another    toge- 
they  with   their  Difiance  being  gi'uen,    to  find  the. 
Right  Afccr/fion  of  the   latter :^  and  vice  verfa,  to. 
find  the  Diftance  of  two  Starsj  whofe  Right  Afcenfi- 
dns  and  Decimations  'are  given, 
'  Let  E^reprefent  the  Equator,  [/^.8.]  whofe 
Pole  is  P  •  and  the  Stars  ^  and  B,  whofe  Decli-i 
nations  CA^  DR  being  given,  thSir  Comple- :; 
ments  alfo  are  given,  or  the  diftances  from  the 
Pole,   namely  FA^F  B,    and  by  fuppofition, 
the  Diftance  AB  of  the  Stars  is  given.  '  Where- 
fore in  the  Triangle  AFBy  the  Sides  being^^ 
ven,  the  Angle  A  TB  will  be  found, ^'anTdconle- 
quently  irs  raeafure  the' Arc  CD;"  namely  the 
difference  of  the  Right  Afcenfions  of  the  Stars 
-<^  and  By,  which  therefore  added  to,  orfubtrar 
ded  from  the  Right  Afcenfion  given  of  :one  of 
tiiem,;  /according  as  the  Circle  of  Declination 
paffing  thro'  this,  is'  to  the  Eaft  or.  the  Weft  of 


Flate^   2,  .Book  2. 


Book II.      of  AgTRpNpiviY.     297 

the  Circle  of  Declination  pafling  thro'  that^) 
gives  the  Right  Afcenficn  fought  cf  the  other. 
'And  on  the  contrary,  the  Right  Afcenfions 
of  the  Stars  A  and  B  being  given, ;  the  difference 
of  them  CD  is  alfo  given;  that  is,  the  Angle 
CPBy  whofe  meafure  that  Arc  is;  And  in  the 
Triangle  ^PB,  the  Sides  P^,  P5,  the  Com- 
plements of  the  given  Declinations,  together 
with  the  Angle  y^P  5  contained  are  given  ;  the 
other  Angles  will  confequently  be  found,  and^ 
the  Side  J^B  the  diftance  of  the  Stars  fought. 

After  the  like  manner  you  may  find  the  Di-. 
ftarice  computed  in  a  great  Circle  of  two  plai- 
ces in  the  Surface  of  the  Earth,  whofe  Longi- 
tudes aiid  Latitudes  are  given,  and  the  Angles 
which  that  great  Circle  (which  anfwers  the 

f  common  Celeftial  Azimuth)  makes  with  both 

I  Meridians. 

Proposition   XXV. 
I  T^  ^  ^/i^^erw/we  hy  Ohfervation  the  Right  Afcenjion 
'    •«►     of  a  gi'ven  Star^  %  ^  Fh^mmenon  vljihle  by 
day  and  night, 

j     Let  the  Declination  of  the  Phaenomenon  vi- 
%  iible  by  day  and  night,  be  6bferv*d  (by  P^-o/?.  iS. 
'  and  the  diftance  as  well  from  the  Sun  as  from  a 
Star  •  the  latter  in  the  night,  the  former  in  the 
day.    From  the  Declination  of  the  Phasnome- 
non,  the  Diftance  from  the  Sun,  and  the  Sun*s 
Place,  the  Right  Afcenfion  may  be  deduced,  by 
the  preceding ;  from  that  and  the  Declination 
of  the  fame  being  obferved,  together  with  the 
Declination  of  the  Star  and  Diftance  from  the 
Phenomenon  being  obferved,  the  Rignt  Afcen- 
fion of  the  Star  fought  may  after  the  fame 
1  manner  be  found.    ^E,  F. 

scno- 
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SCHOLIUM. 

The  Ancients,  who  had  not  $n  accurate 
theafure  of  Time,(fuch  as  Pr^/^.i;. requires,  their 
Hourglaffes,  the  inftruments  they  made  ufe  6^ 
being  too  fallacious,)  fought  after  the  places  of 
ihe  Fix'd  Stars  by  the  Moon,  taking  the  diftaftce; 
of  the  Moon  from  the  Sun,  Computed  accord 
<Kng  to  the  Equator  or  Ecliptic  a  days,  and  the 
diftance  of  a  Star  from  the  Moon  a  nights, 
from  whence  they  concluded  upon  the  diftance 
between  the  Star  and  the  Sun,  and  confequently 
(by  the  Sun's  Theory)  the  diftance  of  the  Stac^ 
from  the  beginning  of  the  Ecliptic. 

The  Moderns,    inftead  of   the  Moon  ufq 
Venus,    becaufe  its  Diameter  being  lefs  will 
make  the  error  lefs  in  obfervirig  the  diftance  j: 
and  becaufe  the  Moon's  place  comes  often  to' 
be  obferved    by  the  places  of  the  Fix'd  Stars 
firft  correcSfced,  that  its  Theory  may  be  cor  reded, 
which  is  not  as  yet  accurate,  efpecially  abput 
the  Quadratures,  which  \yas  the  times  that  the 
Ancients  made  thefe  Obfervations  in  j  and  alfo 
becaufe  the  Motion  of  Venus  is  neither  fa 
fwift,  nor  fo  uncertain.    Therefore  it  will  bf_ 
beft  to  obferve  Venus  in  its  greateft  Elciigationi, 
from  the  Sun,  when  its  Motion  is  nearly  equal 
to  that  of  the  Sun;  and  when  by  reafon  of 
their  Elevation  the  Sun  and  Venus  are  leaft  ob- 
noxious to  Refradion.    In  making  thefe  Obfer^ 
vations  fpeciai  care  muft  be  taken  to  repeat 
them,  as  well  when  Veniis  is  to  the  Eaft  of  the 
Sun  as  when  it  is  to  the  Weft,  fo  that  by  thefe 
different  Obfervations  confpiring  to  determine 
thb  fame  place  of  the  Fix'd  Star,  the  true  place 
may  be  at  laft  certainly  had.    Rkciolus  is  for 
liiing  5iri«j  inftead  of  Venus,  which,  as  he  fays, 
fhines  fo  bright  as  about  the  Equinoxes  is  vifible 
above  eight  minutes  before  Sun-fet  in  March ^  and 

after 
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after  S^n^rife  in  Septemher.  But  both  Regulus  and 
ArBurus  have  been  obferved  by  the  naked  Eye 
in  the  Meridian,  while  the  San  (hone,  by  the 
Aftronomers  of  the  French  Royal  Academy  of 
Sciences,  even  when  the  Sun  was  elevated  above 
the  uncertain  Limits  of  Refradion :  Which  may 
be  done  every  day  in  any  of  the  brighter  Fix'd 
Stars  by  the  help  of  the  Telefcope. 

Proposition  XXVI. 

THE  Height  of  the  Poky  Hour  from  Noon^  and 
Tlace  fif  the  Sun  being  given ^    if  htfidesy   the 

Y  'Altitude  and  Az,lmtith  of  a  Star  he  known  hy  Ob^ 

^  firvation^  to  find  the-  Right  Afcinfion  and  Declination 
cf  that  Span. 

Let  VZHO  reprefent  the  Meridian ;  [  fig,  9. J 

-  BAD  the  Horizon,  whofe  Pole  is  the  Zenith  Z; 

'  £R^the  Equator,  whofe  Pole  is  P^  5  the  Star, 
tbrp'  which'  we  are  to  imagine  the  Vertical 
Circle  -25^,  and  Circle  of  Declination  PSR 
to  be  drawn.  In  the  Triangle  SZ?,  there  are 
given  the  Side  2;p,  the  Complement  of  the 
Elevation  of  the  Pole  OP,  the  Side  ZS,  the 
Complement  of  the  Altitude  of  the  Star  SA; 
and  the  Angle  SZP,  that  the  Arc  AO^  given 
by  the  Azimuth,  meafures;  therefore  the  Side 
P5,  the  Complement  of  the  Arc  R  5,  of  the 
Declination  of  the  Star  fought  is  found;  as  alfo 
the  Angle  ZPS^  and  confequently  its  Meafure, 
namely  the  Arc  ER.  But  the  Hour  of  the 
Day  being  given,  the  Arc  of  the  Equator  in- 
tercepted between  the  Meridian  and  Circle  of 
Declination,  drawn  thro'  the  Sun,  is  alfo  given, 
Corifequently  the  fum  and  difference  (S  the 
given  Arcs  are  given.  But  this  fum,  if  the  Sun 
and  Star  be  on  different  fides  of  the  Meridian  ; 
!  or  difference,  if  on  the  fame,  is  the  difference 
'  of  the  Right  Afcenfions  of  the  Sun  and  Star. 

And 
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And  the  Sun*s  Place  being  given,  its  Right 
Afcenfion  (by  Vrof  20.)  is  given ;  confequently 
the  Right  Afcenfion  of  the  Star  fought  is  alfo 
become  known. 

Proposition  XXVII. 

TO  find  the  Longitude  and  Latitude  of  a  gi^ef\ 
Star, 

In  Figure  10,  let  E  ^  reprefent  the  Equator, 
whofePoleis  V-,  EC  the  Ecliptic,  whofe  Pole 
ifs  B ;  the  Point  £  the  common  interfetaion  of 
thefe  Circles,  the  beginning  of  Y  or  =2=  5  S  the 
given  Star,  thro'  which  the  Secondaries  J5  5  L, 
TSA,  of  the  Ecliptic  and  Equator  are  to  be 
imagined  to  pafs.  And  the  great  Circle  TB.^ 
connecting  the  Poles  is  the  Golure  of  the  Sol- 
ftices.  Let  A  S  the  Declination  of  the  Star  ba 
found  (by  Pro/?.  18,)  then  you  will  have  its  Com- 
plement VSy  and  (by  Pro/^. 2;  or  25:)  EA  the 
Right  Afcenfion  of  the  Star  (at  leaft  from  the 
given  Afcenfion,  the  Right  Afcenfion  EA  will 
be  given,)  from  whence  you  will  have  its  Gom- 
plirpent  ^A,  and  the  Angle  ^A,  whofe  mea- 
fure  it  is.  Therefore  in  the  Triangle  B  P5,  there 
are  given  the  Side  P  S  and  the  Side  P  5,  namely 
the  diflance  of  the  Poles  of  the  Equator  and 
Ecliptic  equal  to  the  Obliquity  of  the  latter, 
together  with  BP  S,  the  Angle  contained  by' 
them ;  the  Side  B  S  therefore  is  known,  and  con- 
fequently its  Complement  S  L,  the  Latitude  of 
the  Star  fought.  The  Angle  PBS  alfo  will 
be  found,  or  CBL  the  next  to  it,  and  its  mea- 
fure  the  Arc  CLy  and  therefore  its  Complement 
L  ?.  But  this  Arc  either  is  the  Longitude  itfelf, 
which  is  fought,  or  its  Complement  to  ,one, 
t  wo,  three  or  four  Quadrants. 

In  like  manner,  by  the  fituation  of  a  Star 
in  refpeft  of  the  Ecliptic  being  given,  its  fitua- 
tion. 
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tion,  in  regard  of  the  Equator  will  be  deter- 
mined, 

Proposition  XXVIII. 

TH  £  Longitude  and  Latitude  of  two  Starsy  and 
the  Dijtance  of  the   third  from  both  being 
gi'veny  to  find  the  Flace  of  that  third. 

Let  CED  {mfig*  II.)  reprefent  the  Ecliptic, 
whofe  Pole  is  P;  -^  and  B  the  Stars,  whofe  Lon- 
gitude and  Latitude  are  given,  thro'  which  let 
the  Circles  of  Latitude  VAC^  TB  D  be  ima- 
gined to  be  drawn :    The  Arc  of  the  Ecliptic 
C  D  is  the  meafure  of  the  Angle  C  P  jD,  con- 
tained under  them,  the  difference  of  the  givea 
Longitudes,  and  confequently  is  given.    In  the 
Triangle  ^  P  iS,  the  Sides  FA,  ?B,  the  Com- 
plements of  the  Latitudes  CA^   DB^  and  the 
Angle  ^P  5,  being  given,   the  Side^^,  and 
Angle  TBA  will  be  found.    Again,  in  the  Tri- 
angles ^5  jB,  all  the  Sides  being  given,  namely 
S  Ay  S  By  the  diftances  of  the  Star  S  from  the 
two  Stars   A  and  B  being  given,  and  AB  be- 
ing firft  found,  the  Angle  ABS  will  be  found, 
and  confequently  SBPy  the  diiference  of  this 
and  TBA  found  before :  And  laftly,  in  the  Tri- 
angle  SBTy   two  Sides    JSP,    B Sy    with  the 
Angle  SB P  contained  between  them,  being 
given,    P  S  will  be  found,   and   confequently 
its  Complement  E  Sy    namely   the   Latitude 
of  the  Star  S;   and  the  Angle  BPSy  and  its 
fure  DEy  namely  the  difference  of  the  Lon- 
gitudes of  the    Stars  B  and  5,   to  be  added 
to  the  Longitude  of  the  Star  5,  that  the  Lon- 
gitude of  the  Star  S  may  be  had,   if  P*S  £  be 
more  to  the  Eaft  than  VB  D  ;  but  to  be  fubtra- 
(fted,    if  more  to  the  Weft.    There  are  other 
cafes  of  this  Problem,  according  to  the  vari- 
ous 
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ous  fituarion  of  the  points  A  and  5,  but  th^y 
are  folved  after  the  fame  manner. 

And  after  the  fame  manner,  if  the  fituatioti  i 
of  the  Stars  A  and  B  in  refped  of  any  other 
Circle^  for  inftance  the  Ecjuator,  be  given;, 
that  is,  if  their  Right  Afcenfions  and  Declina- 
tions, and  Diftance  of  the  third  from  both  be 
given;  the  fituation  of  it,  in  regard  of  that 
Circle,  will  alfo  be  given.  And  thefe  things 
are  done  on  the  Earth  after  the  like  manner. 

Proposition  XXIX. 
'  I  1  6  defcribe  the  method  of  making  a  Catalogue 
J^     of  the  Fixd  Stars ;  and  to  give  an  account  of 
the  chief  Terfons  'who  have  done  foy  and  the  methods , 
they  ufed  ^  and  to  make  a  Celefiial  Globe, 

Let  every  fingle  Star  of  a  Conftellation  be  de* 
{bribed  in  order,  according  to  the  place  it  has 
in  the  Conftellation ;  and  over  againft  each  fet 
down  the  Longitude  and  Latitude  thereof^ 
found  by  Prep.  27,  and  then  annex  its  Magni- 
tude. If  there  be  feveral  Stars  in  the  fame  part 
of  the  Conftellation,  (for  inftance,  in  the  head 
brtheliand^  let  them  in  the  defcription  be  di- 
ftinguiflied  into  Northern  and  Southern,  and^ 
into  fuch  as  precede,  are  in  the  middle  or  fol- 
low; where  fuch  as  are  fituated  toward  the  Weft 
are  faid,  by  fuch  as  follow  Ptolemjy to  precede ; 
or  fuch  as  poffefs  the  preceding  parts  of  the- 
Zodiac,  i.  e.  nearer  to  the  beginning  of  Aries  |* 
that  is,  fuch  as  precede  in  the  Diurnal  motion :; 
They  are  alfo  diftinguifhed  by  fomeby  the  Let- 
ters of  the  Alphabet  annex'd.  If  there  be  any 
remarkable  Star  in  the  Conftellation,  which  has 
a  peculiar  name,  this  name  alfo  is  put  down  5 
2is  Artturus  in  Bootes,  Regulus  in  hQOy  Syrius 
in  the  Great  Dog,  &c.  After  the  Stars  proper 
to  each  Conftellation,  the  unformed  Stars  about 
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It  are  annexed,  defcribed  after  the  like  man* 
ner  by  the  n^arnefs  of  this  or  that  part  (about 
which  they  fland,)  together  with  their  Longi- 
tude^  Latitude  and  Magnitude. 

The  firft  that  attempted  to  reduce  all  the  Fix- 
ed Stars  into  a  Catalogue,  and  determine  their 
Places,  was  Hipparcbus  of  Rhodes^  about  1 20  Years 
before  Chrift,  who,  in  P//»/s  judgment,  dared 
to  do  a  thing  that  God  himfelf  did  not  af prove  of,  to, 
teU  the  number  of  the  Stars  for  Vofierity,  and  reduce- 
themto  a  Standard.    Tho'  'tis  certain  from  Tto^ 
lemy  that  Tymqcharis  and  ArifiyUus  left    feveral, 
obfervations  about  this  matter,  made  1 80  Yeajcs 
before  Hipparchus.    Menelam  alfo  the  Geometri- 
cian, in  the  firft  Year  oi  Trajan,  obferved  fome 
of  the  places  of  the  Fix'd  Stars  at  Rome,    After 
thefe,  Claudius  Ttolemy yZhont  the  140^^  Year  of 
Chrift,. began  to  obferve  and  commit  to  Wri- 
ting, fbme  things  about  the  progrefs  of  the^ 
Fixed  Stars  in  confe^uentia  ^  the  Catalogue  of  H;/>:», 
parchus,  which  rifes  to  1026  Fix'd  being  ftill  rer 
rained  in  regard  of  the  place  as  to  Longitudei 
and  Latitude  j  nor  have  we  any  Obfervations 
;pf  the  Ancients  befidesthele,  which  are  delivQtK 
ed  to  us  by  Ttokmy,     Albategnius  the  Syrian  has 
done  the  fame   about  the  880^^  Year    after 
Chrifi :  For  in  the  Book  that  he  has  given  the 
title  of  the  Science,  of  the  Stars,  Chap.  ^2.  Pag- 
202.  he  fays  that  he  has  added  n  degrees  a^, 
half  and  a  third  part  to  the  places  in  which  he 
found  them  to  be  defcribed  in  Ttolemfs  Book. 
For  neither  the  Verfian  nor  4lphonfine  Aftronp- 
itiers,  nor  Copernicus,  who  is  later  than  any  of 
them,  obferved  all  the  Fix  d  Stars,  but  refted 
fatisfied  with  the  Catalogue  o(  Hlpparchus,  only, 
adding  in  the  refpedive  Catalogues  the  portion 
of  the  Motion,  which  was  made  in  the  mean 
While  from  them  all  ^  of  which  we  ihall  fpeak 

here** 
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hereafter.  Copernicus  reckons  the  Longitudes  of 
^11  the  Scars  fromthe  preceding  of  the  two  in  the 
Ram's  Horn^  which  he  calls  the  Firfi  of  ally  and 
which,  by  confequence,  are  the  fame  in  all 
Ages^  tho  the  Longitude  of  this  firft  Star  from 
the  JEquinoAial  point  continually  increafes. 

All  thefe  Aftronomers  in  the  determining  th^ 
Places  of  the  Fix  d  Stars^,  for  the  moft,  part, 
inade  ufe  of  an  Armillary  Sphere,  or  a  part  of 
it,  ("which   they   called  an  Afirolahe.)     Its  de- 
fcription  may  be  feen  in  Chap.  i.  Book  j.  of  the 
Great  ConfirutHon.     This  Inftrument  being  fitted 
to  the  Latitude  of  the  Place  and  the  Cardinal 
points  of  the  World,  they  placed  the  Armilla  ot 
Hoop  reprefenting  the  Ecliptic,  in  the  day  time, 
by  the  help  of  the  Sun's  Rays,  (whofe  place  they 
knew  by  the  Theory  of  it,J  infuch  a  fituation  as 
the  Ecliptic  had  then,  in  regard  of  that  Horizon; 
then  they  obferVed  the  place  of  the  Moon  in 
the  Ecliptic,  by  the  help  of  a  movable  Circle  of 
Latitude  in  the  Aftrolabe.    The  next  Night, 
by  the  help  of  the  Moon,  (whofe  place  found 
before,  they  corre<9:ed  according  to  its  moti- 
on petformed  in  the  mean  while,)  they  placed,  j 
this  Zodiacal  Armilla  in  fuch  a  fituation  as  was  ' 
agreeable  to  the  prefent  moment  of  time,  (as  • 
before  they  had  done  by  the  mediation  of  the 
Sun^  '  thus  they  obferved   the  Longitude  of 
each  Star  reckoned  according  to  the  Ecliptic,  as 
they  had  before  obferved  in  the  day  time  the  ; 
Longitude  of  the  Moon  (looking  along  the 
moveable  Circle  of  Latitude, )  and  its  Latitude 
by  the  help  of  a  moveable  Sight  in  the  faid  Cir- 
cle.    You  may  fee  this  method  of  Obferving, 
fully  defcribed  in  Chap.  4.  Book  7.  of  the  Great 
Confiru^ion  ofVtokmyy  and  in  Cha^.  14.  B.  2.  of.  \ 
Co^ernic,  of  the  Revolut, 

Tho' 
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Tho'  the  Ancients  thought  the  Mooh  \^ds, 
abfoliitely  neceffary  to  determine  the  places  of 
the  Stars  in  refpeca  of  the  Equinodial  and 
Solftitial  points,  and  together  With  thefe  the 
moft  fagacious  Copernicus^  Chap.  14*  B.  2.  fays 
thus :  For  without  her  thae  would  be  no  way  t(^ 
eomfrthend  the  fLces  of  the  Stars,  hecaufe  Jhe  a^ 
hne  of  them  all  partakes  of  Day  and  Night  :  Btlt 
Cardan,  in  a  Book,  which  he  entitles  Supple^ 
mentum  Almanack,  (siftQvhQ  had  told  US  that  "the 
Fix*d  Stars  Were  to  be  compared  with  the  Mooii 
during  a  Lunar  Eclipfe,  becaufe  the  Moori's 
Place  in  refpe^t  pf  the  Suh,is  at  fuch  k  tihie  befl 
known,  becaufe  oppofite  to  the  Siiri's,)  Very 
happily  fiibftitutes  Venus  iriftead  bf  the  Moort 
I  in  this  affilir,  becaufe  Ih^  is  both  a  day  and  a 
tiight  Star,  and  has  fome  other  advantag^^j 
tnention'd  in  the  Schd.  of  Prop.  ly. 

The  next  after  Hipparchus,  thjit  bbferved  the 

rFixed  Stars  themfelves  a-new,  ^^s  Ulugh  Bei^h^ 

!the  Grandfon  of  TameHarie  the  Great.     He  lays 

n  the  Preface,  that  he  obferved  all  that  co(ll4 

)e  obferved, befides  27  in  the  Soiith.  This  Prince 

lied  about  1449,  and  fet  doWn  ih  his  Catalogue 

tranflated  into  Latin  by  Mr.  Tbo,  Hyde)  tha 

)tars  places  for  the  Year  of  Chrift  14;^; 

At  length  in  the  i6^^Gentury  appe^r'd  the^f- 

asoi  that  Age,  the  immortal  Tpho  Brahe,\vho  by 

tidefatigable  labour  and  pains  obferved  a-freffl 

tU  the  Fix  d  Stars  that  are  eafily  feen  above  tho 

lorizon  ofUraniburgL     And  at  th^  fame  tim6 

Villiam  the  mofl  illuftrioiiS    Lafidgranje  of  Hejf^^ 

ttempted  the  fame  great  Work  sitC^fel,  and 

vith  his  Mathematicians  Rothman  and  Byrgios^ 

:dntintied  in  it  for  above  o^o  Ye^rs.     He  fought 

or  the  Longitude  and  Latitude  of  the  Fix'd. 

litars  by  Calculation,  from  the  Right  Afcenfibii 

nd  Declination  firffobferved  by  the  method  \h 

X  Vrop 
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ttop.  27  ;  as  Tiycho  affures  us  in  Chap,  t.  Part  t\ 
T^ogynm.  fag,  147  ;  tho'  he  do«s  noc  intirely  ap 
prove  of  it,  becaufe  ef  the  difficulty  of  reckon- 
ing the  time  exactly  from  Noon, , which   tho 
often  rimes  tried  by  himfelf,  by  making  Clocks 
and  other  ways  defcribed  in  the  before  quotc( 
Ch.  of  the  Vrogymnafmatay  yet  never  fucctedec 
according  to  his  wiflies.  But  tho'  theObfervati 
ons  of  the  Prince  don  t  extend  to  above  40^ 
Fix  d  Stars,  and  were  made  by  fmaller  Inftra 
ments,  yet  Hevelius  in  Trod.  Afrro.  prefers  then 
to  the  labours  of  T/c^f?  himfelf,.  becaufe  in  hi 
opinion,   the  Prince  and  his  Obfervers  ufe< 
mor^  diligence  than  Tycho  and '  his  fellow  Ob 
fervers.     The  Prince  afterwards  performed  thj 
bufmefsby  the  help  of  Venus ;  but  7)c/^^,  thic 
in  fag,  1^6,  B.  I.  Vrogyrnnafm,  he  charges  Car  da 
with  an  error  in  fettling  the  place  of  the  itior 
Southern  and  Bright  Star  of  the  Scales  of  Libr 
by  Venus,  greater  than  it  is  in  the  Jlpbonfa 
Tables;   neverthelefs  confeffes^    that  it    arof 
from  hence,  that  the  fituation  of  Venus  was  nc 
at  that  time  well  determined    by  Numbers 
And  he  hirafelfufes  Venus  for  the  fame  purpof 
after  f he  manner  defcribed  in  Trop.  25*.    Inftea 
of  a  Zodiacal  Armilk  ufed  tjy  the  Ancients  i 
obferving  the  different  Longitudes  of  the  Fix 
Stars  and  their  Latitudes,  Tycbo  for  very  goo 
reafons,  fubftituted   the   i£quatorial   Armill^ 
by  which  he  might  obferve  the  diflferences  < 
the  Right  Afcenfions  and  the  declinations  cf 
of  the  Meridian,  the  Meridian  Altitude  bei^ 
always  made  ufe  of  to  confirm  the  others.    ^ 
the  other  cautions  which  this  moft  diligent  Qj 
ferver  took  in  this  Affair,may  be  feen  tn  Cha^^^ 
0.  M  Trogymn,  The  Places  of  (bme  of  the  Fiis 
'Stars  being  once  laid  down,  found  by  the  pii 
thods  ahead Y  delivered,  he  determined  the JPl 
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f  es  of  the  otherStars  whieh  Were  near  the  Eclip* 
Ik  t>rF^uarGr,aft'er  the  mariner  related  mProp.i^., 
He  fought  the  Right  Afcenfion  of  any  unknown 
Star  by  two,  whofe  places  were  already  verified^ 
and  if  the  Right  Afcenfions  of  the  fame  Star 
thus  found,  were  a  li.  tie  different  frotn  one  a- 
iiother,  he  always  took  the  mean  for  the  true 
t)ne  wirhout  any  hefitatioft :  Afterwards  froM 
the  Right  Afeenfion  and  Declination  of  a  Stat 
he  eompured  its  Longitude  and  Latitude.  As 
■for  the  Stars  about  the  Poles  he  deduced  thenl 
frorh  the  former  by  the  the  Praxis  defcribed  irt 
Prop.  28  ;  tho'  he  verified  the  Place  thus  fouitid 
by  obferving  it^  dift-nci^  froiii  a  third  Fix'dSUf 
'firft  determined.  And  univerfally,  he  never 
refted  fatisfied  with  the  Place  of  a  Fixd  Star 
determined  only  by  one  ©bfervation ;  but 
each  of  rhem  by  the  methods  defcribed  before^ 
by  his  Equatorial  Armilla,  and  by  the  Praxis 
Uid  dc'Wh  in  Prop.  23,  making  ufe  of  the  befl 
flocks  for  meafuring  che  time,  Quickfilver  and 
'Lead  being  Chymically  reduced  into  powdeJ*^ 
;6nd  fhewing  the  time  by  its  running  thro' a 
iittle  hole ,-  all  which  you  may  fee  aeeuraceljr 
defcribed  in  the  Progymnafmnta, 

Tychos  Catalogue  of  ^'j'j  Fix  d  Stars  tiiade  Witf^ 

Tuch  care  and  diligence  as  this  for  the  Yeat^ 

1600,  and  taken  from  the  Heavens  theftifekes^- 

^  ait  laft  eame  forth,  in  the  Year  1610^  in  Afiwm 

\Infiaur.  Progymnajm,  And  afterwards  in  the  Year 

•1627,  copied  into   the   Rudolpbine  Tables,   and 

'increafed  by  22  j  Starsjrotti  fome  other  obfer- 

rations  of  Tycho ;  fo  th^f  this  Catalogue  iii  thei 

Rudoifhine  Tables  rifes  to  the  number  of  a  thou- 

fand  Stars.    Kefkr  has  added  a  fecond  Clafs  of 

Fixed  Stars^  that  Tycho  left  out  of  the  ancient 

Osit^logVLQ  oi  Hipfarcbus^  repeated  and  correded 

by  Ptolemy,  and  calls  them  Smi-TyehQnk  i   He 

X  a  fub- 
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fubjoins  a  third  containing  12  Celeftial  Imag':;? 
which  are  invifible  in  cur  Northern  temperaci 
Zone.  Thefe  he  has  put  into  his  Catalogue 
being  named  by  the  Tortugmfey  and  corredteu  b^ 
Teier  Theodoru  'Tis  generally  reported  that  tnef 
Southern  Conftellations  were  afterwards  ob 
ferved  by  one  Frederick  Houtmany  a  Dutchman 
and  the  C-kftial  Globe  of  Bleau  eorred^td  accord 
ing  to  th  /fe  Obfervations*  But  the  Gelebrar ,( 
Mr.  EdmundHalky  was  the  firft  that  took  tha 
pains  about  them  as  became  an  Aftronomejt 
while  he  was  at  St.  Helena ^  and  pubiifh'd  a  (.  .a 
talogue  of  55'o  Southern  Fix'd  Stars  to  the  Yea 
1 677  compleat^which  is  a  tin^Supphment  loTydo 
Catalogue.  He  obferv'd  the  Diftances  of  th 
unknown  Southern  Stars  from  fome  of  Ty€ho\ 
and  calculated  their  places  from  the  alfume 
places  of  fome  of  the  Jychonk  ones  (by  Trif,  28, 
adding  alfo  the  diftances  themfeiyesj  which  h 
had  obferved. 

The  next  after  Tychoy  that  prefented  th 
World  with  an  intire  Catalogue  of  the  Fix'i 
Stars  of  his  own,  was  JR.  P.  Rkciolusy  in  Jfiror 
Reform,  Lib.  4.  to  the  Year  of  Chrift  1700  €oni 
pleat.  But  this  Catalogue  containing  as  mun; 
Stars  as  TychoSy  is  taken  from  TycboSy  exceptin 
in  1 01  Stars,  which  are  all  that  he  had  obfet 
ved  in  the  Heavens.  In  the  others,  he  recedf 
a  little  from  Tychoy  and  has  copied  Tych^^ 
manifeft  errors  into  his  own,  retaining  at  th 
feme  time  fome  Stars  as  were  really  obferved  1^ 
Tychoy  but  were  not  vifible  in  the  time  i 
Ricciolasy  as  Hevelius  has  obferved  in  Prodr,  Afi\ 
/>.  1%%.  and  the  following. 

Laft  of  all  came  out  a  Catalogue  of  the  F^ 
Starsy  by  the  llluftrious  Jo,  Hevelius  oiDanti 
containing  1888  in  all;  namely  9^0  kn( 
by  the  Ancients,  601  which  he  calls  his  ows 

becau; 
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bee  ufe  they  were  determined  by  none  before 
himlelf  as  they  fhould  b  by  proper  Inftruments, 
and  the  5 ;  y  of  Mr.  Haiiey,  invifible  in  the  Ho* 
rizon  of  D<intz,ick,  In  che  making  of  this  he  fo- 
lemn'y  prpfefles  that  he  had  no  regard  to  the 
obfervations  ot  any  Author,  but  entered  upoh 
the  work^  as  if  there  were  no  Catalogue  at  aH 

i*n  being.  Nay,  he  intirely  laid  afide  all  other 
bundations,  and  compofed  a-new  the  Theory 
of  the  Sun  and  Solar  Tables,  founded  intirely 
liipon  his  own  obfervations.  And  laftly,  he 
iincerely  declares,  that  he  has  borrowed  nothing 
lof  any  body,  or  put  into  his  Catalogue  the  Place 
iof  the  fmalleft  Star,  that  he  himfelf  had  not  ob- 
l^ained  by  his  different  Diftances  and  Meridian 
|A.ltitudes. 

Heveljus  drew  up  two  fuch  Catalogues,  th^ 
jfirft  or  larger,  containing  as  well  the  Longi^ 
Imdes  and  Latitudes,  as  the  Right  Afccnfions 
and   Declinations,  to  the  Year  ofChrift  1660 
compleat ;  to  which  are  annexed  the  Places  as 
to  Lorgitude  and  Liuitude,  reduced  to  the  fame 
Year,  of  the  Fix'd  Stars  obferv'd  formerly  by 
V/cho  Br c.  hey  the  Prince  oi  Heffe^  Riccioluj,  Ulugh 
Seigh  and  Ttokmy ;  the  fecond  or  lefs,  exhibiting 
he  Places  of  the  fame  Fix'd  Stars  as  to  Longi- 
ude  and  Latitude,  to  the  Year  ofChrift,  1700 
:om  pleat ;  to  which  he  has  annexed  Mr.  Ha  He/) 
^  Zatahgue  of  the  Southern  Stars,  partly  correAed 
i  is  to   their  Longitude,  from    obfervations  at 
iOantzicky  ahd  reduced  to  the  fame  time:  So 
:hat  the  larger  Catalogue prefents  us  at  the  fame 
:ime  with  the  Catalogues  of  all  his  Predecef- 
ror$ ;  by  which  means  it  is  evident  at  fight,  how 
[ar  the  obfervations  of  them  all^  agree  or  dit 
agree.  To  thefe  he  fubjoins  a  Table  of  the  Right 
Afcehfion  and  Declination  of  feveral  Fix'd  Stars 
X  3  to 
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to  th^  y^^^5  ^f  Chrift  1660  and  176Q,  with 
^Jipir  differences  for  that  hundred  Years., 

By  the  help  of  fuch  a  Catalogue  of  the  Fix'd 
Stars  as  this,a  CeleftialGlohe  may  be  eafily  made; 
for  the  Echptic  and  its  Poles  bein,g  marked  out 
ppon  the  furface  of  the  Globe,  let  the  places 
pf  the  Fix'd  Star§  taken  out  of  the  Cata-> 
}pgue  be  in  like  manner  marked  out  ^pcording 
^0  their  Longitude  and  Latitude  in  rqgard  of 
that  Ecliptic,  draw  alfo  the  trad  of  the  Milky 
Way,  thro-  the  places  pf  the*  Fix,'d  Stars^  thro' 
which  it  pafles ;  and  add  the  JEquinotaial  Cir? 
chs  cutting  the  Ecliptic  in  thp  .point  aflumed 
for  the  beginning  of  the  the  reckoning,  and  the^ 
oppofite  point,  and  duly  inclined  to  it;  ai 
alfo  let  the  Polar  Circles  and  Tropins,  and  the^ 
othf  r  neceflaries  be  added  j  of  \yhich  we  have 
fpoken  before  in  Prof.  13.  And  to  this  very 
purpofe  did  He'velius  defign  his  leflfcr  Catalogue,, 
and  from  hence  did  he  deduce  his  Uramgrsph^ 
or  Tables  of  all  the  Stars  drawn  upon  a  Plane^ 
which  was  publifh'd  in  the  Year  1 69o,under -tha 
Ti  le  of  the  Firmament  of  SohieskL  For  they'  dif- 
fer no  more  from  a  Celeftial  Globe  than, Maps 
do  frc  m  the  Terreftrial.  Thefe  Urapographic 
Schemes  of  the  Conftcllations  are  delineated  in 
Tlano^  juft  as  if  the  convex  part  of  the  Heavens 
were  feen  by  us,  as  it  is  in  the  Artificial  Globe, 
as  was  ufual  among  fuch  a^  went  before  him, 
and  made  Catalogues  of  the  Fix'd  Stars.  He 
tsLys  th^t  Bayer y  who  in  his  Ur^»ow^fr/ attempt- 
ed the  contrary,  thougkUfiy  inverted  all  theStars; 
and  that,  hy  his  Figures  be  did  Ifut  diforder  tht 
oi>hole  hujinefs  of  the  Heavens ;  and  that,  all  tk 
Stars  Tvkich  are  f  laced  on  the  left  hand  in  the  GlokiS, 
appear  en  the  right  hand,  'h  ■ 

^The  making  of  a  Celeftial  Globe  by  f/^W/- 
uss  Firmament  is  much  eafier^becaufe  the  Figures 

of 
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of  the  Gpnftellations  are  very  ap^ly  delineated 
in  iti  tQgecber  with  the  Milky  Way,  and  itf 
different  Streams  as  it  were.  But  we  are  to 
jBxpeA  the  mgft  ample  Catalogue  of  the  Fix**d 
iStars  from  Mr,- Flamfieed's  Obfervations^  y/hicb 
have  been  Goncinued  for  feveral  Years  with  this 
view,  and  mfede  with  large  Inftruments,  and  at 
the  fame  time  very  fit  for  that  purpofe. 
Proposition  XXX. 

TO  give  a^  account  offomeofthemore  remarks 
ahlt  Cb(^nge/as  have  haf fen  d  among  th^  Fixd 
Stars.   '      .:  -  -5    .  .  . 

So  long  ago  as  the  Age  of  Uiffarcbusy  a  new' 
Star  appeated  amcng  the  pix'd  ones,  4^^  ^^^h 
as  Vliny  inicrmsus^'iifasther^afon'why  Hipparchus 
fetupon  numbering  the  Fixd  Stars  for  the  ufe  of  Fo^e- 
rityy  and  reducing  them  tofomc  Ruky  having  invented 
fome  Infiruments  for  chferving  the  ? laces  and  Magni- 
.tudesof  each  ;  fo  that  it  might  eafily  he  knownhy  this, 
:not  only  whether  they  periled  or  had  a  beginnings  hut 
l^hether  any  at  all  faffed  away  or  had  any.  Motion  ^ 
as  alfo  whether  they  increkfed  or  decreafedy  the  Hea- 
vens being  left  in  common  to  them  all. 

And  thp  Ricciolus  reckons  no  lefs  than  fix 
new  Stars  between  this  and  that  famous  one, 
which  appeared  in  Cajfiofela  in  the  Year  1^72; 
Jyet  fince  they  were  either  fcarce  obferved  at  all, 
or  by  Perfons  not  oyer-skiil'd,  there  hardly  re- 
mains any  thing  to  be  faid  of  them.. 

This  new  Star  in  C^fiopeia^  a  rival  to  .the 
feiggeft  in  the  Heavens,  firft  appeared  about 
the  beginning  of  Nbw7»^er,  in  the  Year  1572, 
and  continued  until  March  in  the  Year  1^74. 
This,  juft  as  that  oi  Hipparchus,  W2is  the  occafion 
of  Tycho.s  obferving  the  Fix  d  Stars  again,  with 
new  and  large  Inftruments  ^  as  he  informs  us 
himfelf  in  the  Vrogymnafm.  where  he  treats  ex* 
preily  of  this  Fix'd  Star. 

X4  ^fl 
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In  Auguft  1596,  Da'vld  Fabrmus  difcover'd  a 
New  one  of  the  3^  magnitude  in  Cetus,  which 
difappeared  about  two  m  cnths  after. 

In  the  Year  1600  a  New  Star  appeared  in  the  ! 
hreaft  of  Cygnus,  firft  feen  by  others,  but  «af-?  j  i 
terwards  by  Kef  lev  himfelf,  who  has  written  an  ' 
Aftronomical  account  about  it.    This  continued 
of  the  fame  magnitude  1//?:,.  the  3^  until  the  Yeac  , 
16^9,  as    Hevelius  aflures  us ;   (who  had  ob-  ' 
ftrved  it  from  the  Yegr  163^^  with  large  In- 
firuments,^  but  from  the  Yeaf  165:9  it  ft-nfibly 
decreafed ;    and  about   the  latter  end  of  the 
Year  1661,  it  intirely   difappeared.    Yet  five 
Years  after,  namely  in  September  1666 ^  Hevelm. . 
obferv'd  it  again  with  his  naked  Eyes,  of  the  I 
7^^  or  6^h  magnitude,  retaining  the  fame  place 
in  the  Heavens  preeifely. 

In  the  Year  1604,  about  the  beginning  of 
OBobery  a  New  Star  was  feen  in  the  right  Foofev 
of  Serpentarius,   which  appeared  bigger  than  : 
Jupiter  and  a^moft  equal  to  Venus:  It  continue- 
ed  a-  whole  Year  ;  becaufe  it  was  not  feen  af- 
ter OBoher  in  160^.    Concerning  this  Kefkr  has 
written  a  Book  full  of  Aftrological  and  Phyfical 
dilputes.  =  ^  : 

It: was  the  Milky  Way  that  prefented  us 
with  thefe  three  New  Stars,  namely  in  Gaffio-* 
peia^  Cygnus,  an4  Serpentarius;  it  has  there- 
fore on  that  account  been  called  by  fome,  the 
Fund >of  new  Stars;   ^ 

There  have  been  fome  other  New  Stars  ob- 
fcrved,  namely  in  the  Year  161 2.  that  in  the 
belt  of  Andromeda,  by  Simcn  Mariua^  who  is  the,- 
Author  o^  the  IVorid  of  Jupiter,  and  another  in  t 
Antinoushy  J ufiusByrgius  and  Oihtrs.  * 

In  the  Year  i6:^B,.Jokn  fhocyllides  HoJumrda 

of  Frareeiucr  ©hferved  a  New  Star  in  theWhale*s 

neckof  the  ;^  magnitude,  or  bigger.*  How  it 

:  difap- 
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3ifappeared  every  Year,  and  then  appeared,  but 
not  always  exadly  at  the  fame  time,  (tho'  Bul^ 
lialdus  thinks  otherwife,)  and  afterwards  was. 
iivifible  for  four  Years,  is  fully  evident,  from 
he  Hiftory  of  it  written  by  He^dius  and  an- 
lexed  to  his  Mercury^  and  f  om  his  ClimaBp-ic.^ 
''ear.  Mr.  C a fflni  has  found  by  Obfcrvation,  that, 
he  fame  Phafes  of  this  Star  return  at  the  end- 
)f  3  30  days ;  but  fo  as  that  this  return  is  fome- 
imes  retarded  or  anticipated  by  i  y  days.  This 
itar  feems  to  be  the  fame  with  that,  which  Fa^ 
rictus  obferved  in  the  Year  161 2;  for  their 
laces  are  thelame. 

In  the  Year  1670  in  July^  Hevellus  difcovered 

'  New  Star  of  the  %^  magnitude  under  the? 

I  wan's  head,  and  in  his  Catalogue  reduces  it  to 

'is  Vulpecul^^  but  it  was  lefTend  fo  much  in  a 

lort  fpaee  of  time,  that  abgut  the  end  of^»- 

^tfi  1671  it   was  intirely  extinguiflied  :    Buc 

ext  March  it  appeared  again,  at  firft  like  a  ve*r 

I  fmail  Star,  but  by  degrees  it  increafed  to  one 

f  the  third  magnitude,  and  afterwards  grew 

fs  again  fenfibly  as  it  did  before ;  and  in  Sep- 

^mher  1672,  totally  difappeared,  and  was  feen 

J  niore. 

Not  only  New  Fix  d  Stars  n©w-a-days  make 
"leir  firft  appearance,  but  others  of  the  fixch, 
fth  and  fourth  magnitude,  ,known  by  the  An- 
<ents  and  obferved  by  Tycho,  have  intirely  va- 
:ilhed,  ihftances  of  which  may  be  frequeatly 
hQt  with  in  the  Catalogue  of  Hevellus.  He  hini- 
i  If  mentions  four  in  Trod,  Afir.  namely  a  Star  in 
tie  left  thigh  of  Aquarius,  the  contiguous  one 
receding  in  the  Tail  of  Capricorn,  the  fecond 
<•  the  Belly  of  the  Whale,  and  the  firft  of  the 
Jiformed  ones  after  the  Scales  of  Libra, 
'here  are  alfo  other  Obfervations  which  have 
Icn  made  ^bouc  them  by  the  French  Aftrono^, 

mers. 
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mers.  And  even  fome  confidcrable  Fix  d  Stars  oil 
the  firft,  fecond  and  third  magnitude  are  found  | 
to  alter  their  brightnefs  and  magnitude  fenfibly, 
as  is  evident  from  the  dijBF^rent  fentiments  oj 
Authors  about  Stars  of  the  firft  andfecond,  oil 
of  the  fecond  and  third  magnitude,  That  Pofte; 
rity  may  be  more  capable  of  judging  about  the 
change  of  the  more  confiderable  Fix*d  Sfars_ 
with  greater  eafe  and  lefs  miftake  \  HfveUus  in 
his  Vrodromus  has  drawn  up  fever al  things  tend- 
ing to  that  purpofc  obferved  by  himfelf. 

I  pafs  over  other  changes  in  the  Fix*d  Stan 
obferved  by  the  help  of  a  Telefcope,  fuch  a: 
arethofe  faid  to  be  difcovered  lately  by  Mr 
Cajfmi ;  namely  that  fome,  as  for  inftance,  tho 
firft  of  Aries  and  the  preceding  head  of  Ge-^ 
mini,  fometimes  appear  divided  each  into  twie/ 
equal  to  one  another,  and  diftant  from  one  d^; 
Bother  the  length  of  the  diameter  of  either  d 
them  ;  others,  as  fome  of  the  Pleiades  and  the 
middle  in  Orion's  Sword,  appear  triple,  nay 
quadruple  fometimes.  For  thefe  Phaenomeni 
befides  that  they  are  not  to  be  feen  by  the  naked 
Eyes  (of  which  we  only  treat  at  prqfent,)  feem 
to  have  another  original,  and  confequently  ar« 
to  be  confidered  ift  another  place. 

Proposition  XXXI. 

To  define  the  true  freceJlion  of  the  S^ulnoBm 
•  TolntSy  or  the  motion  of  the  Fix  d  Stars  in  con- 
fequentia ;  and  to  determine  from  a  given  Cata- 
logue of  the  Fix'd  Starsy  the  flace^  of  any  Fixd  Star 
at  a  gi'ven  time. 

Htffarchus  of  old,  as  Ttolemy  informs  us,  Ch.  i. 
Book  7.  of  the  Great  Conftru^ion,  from  a  compa- 
rifon  which  he  made  of  his  own  Obfervations 
with  thofe  of  Ariftyllus  and  Tymocharis,  fu- 
fpeded  that  the  Stars  of  the  Zodiac  had  a  mo- 
tion 


Book  II.        of  A  S  T  HL  Q  N  O  MY.       3  I  5 

fion  in  confecim^fia  :  But  Ptolemy  from  a  compa- 
rifon  oi  thQ  Ohkrv2itiom  of  Hlpparc/oHs  and  of 
pthers,  with  his  own,  has  exjM*efly  aflerted  it  of 
|hem  all,  and  that  it  is  made  in  Circles  parallel 
t;o  the  Ecliptic;  which  he  proves  in  feveral of 
the  more  conuderabl*?  Fix'd  Stars,  Chap,  2,  an4 
^,  comparing  their  places  in  regard  of  the  E-^ 
quaccr  obfcrved  by  flich  as  lived  before  him  and 
by  himfelf.     And  he  finds  that  this  progreffivjg 
Oaotion  is  one  degree  in  an  hundred  Years.  j4l^ 
%iiugnms  from  the  places  of  Regulus    obferved 
by  Mmdam  and  Jiimfe i^  at  the  diftance  of  ySf 
Sfears,  gathers  in  Chap,   yz  of  his  Book  of  the 
Knowkdgi:ofth€Stf.rsy  that  the  motion  of  the 
Fix'd  Stars  is  one  degree  in  66  Years.     Ulugh 
Beigb^  comparing  his  Obfervations  with  fuch  as 
Were  made  a  great  number  of  Years  before, 
Jetermines  in  the  F-nf^ce  to  his  TMesy  that  the 
Fix'd  Stars  i^iove  one  degree  in  every  feventy 
Solar  years.    Later  Aftronomers  comparing  the 
Obfervations  of  the  Ancients  and  Moderns,  and 
die  intermediate  ones  of  Alhutegni^  about  this 
piatter,  find  that  this  motion  is  tqu^ble,  quick* 
?rthan  Ft  ohm/,  beiieyed,  |?ut.  flower  than  Alba-^ 
^gnius y^nd  nearly  the  fam^  with  what  Ulugb 
E^gh  affigns.    For  Tycbo  in  his  Frogywn.  Book  x, 
gathers,  that  it  is  one  degree  and  2  j^  in  a  hun- 
dred Years,  or  fiL^\  in  one  Year.  Copernicus y  tho' 
lie  looked  upon  this  motion  to  be  unequal,made 
:he  inean  to  be,  from  the  Obfervations  of  the 
Ancients  and  his  pwn  compar'd,.  to  be  about 
t?.  2;'.  40'^  12'^^  in  ICQ  Y^ais.  Ricciolus  makes 
it  fomcthing  lefs,  namely  i''.  x%'.zd\  in  that 
:ime,  which  Mr.  Flamfieid  retains.     Street  in  his 
Afirenomia  Carolina  makes  it  ftill  lefs,  as  not  a^ 
50ve-T<  20'.     BuUialdus  in  his  Afirommia  Fhilo^ 
kica  makes  it  1°.  24'.  ^4'^  in  100  Years  ^  whilft 
He^elius  lately  in  his  Solar,  Tab,  in  Frodrom,  will 
laveit  to  be  only  1°.  24'.  46^  ^o''\  For 
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For  every  Year  therefore,  forward  from  the 
the  l^ear  to  which  the  Catalogue  is  fitted,  add 
50'''  (the  middle  round  number)  to  the  Longi- 
tude of  the  Fix'd  Star  found  by  the  Tables^  and 
you  will  have  the  Longitude  fought :  The  Lati- 
tude in  the  mean  while  continues  invariable, 
fmce  both  the  Fix  d  Stars  and  the  Ecliptic  in  the 
Heavens  are  immovable,  and  only  the  Equator 
Coriginaliy  a  Terreftrial  Circle)  being  loofer\'d 
as  it  were  leaves  its  ancient  feat.    But  for  eve- 
ry fmgie  Year,  backwards  in  refpedl:  of  the  g!-l 
ven  Catalogue,  fubtra<a  ^o"  from  the  Longitude 
in  the  Tables,  if  you  would  find  the  Longitude 
for  fuch  a  given  time.    But  if  the  order  of  th^i 
given  Catalogue  be  fuch,  as  that  the  Longi- 
tudes, of  each  of  the  Fix'd  Stars  are  reckoned 
from  the  firft^  Star  of  Aries,  (as  it  is  in  Copsmii 
cHss  Catalogue  of  the  Fix'd  Stars,  as  alfo  Cf^vU 
Hs\  and  of  fome  annexed  to  the  Caroline  T:bks^y 
to  the  number  of  the  Longitude  in  the  Tables,' 
(becaufe  continuing  always  the  fame)  add  thefi 
Longitude  of  the  firft  Star  of  Aries  (which  at' 
the  beginning  of  the  Y^ar  1701,  according  to 
He^elius  is  2^°.  oo^  f  8^',  and  it  is  to  be  increa- 
fed  by  yo^'  every  Year  afterwards,  but  leffened 
by  as  many  for  every  Year  before,  as  was  faid 
before)  for  the  time  given,  and  you  will  hare 
the  Longitude  fought  from  the  Vernal  Equinox, 
cafting  away  560   degr.    if  the  fum  exceed 
that.    But  it  the  Right  Afcenfion  and  Decli* 
nation  at  a  time  given  be  required,  what  is  pro- 
pofed  may  be  done  by  the  converfe  of  Prof.  27, 
from  the  Longitude  and  Latitude  found  for  thp 
given  time,  as  before.  *' 


Secti^ 
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Section   VI. 

Concerning  the  refolution  of  the  mor^  ebti- 
fiderable  Problems  of  the  Firft  Motion  by 
Calculation. 

Proposition    XXXIL 

To  determine  by  ohfervation  the  difference  of 
the  Meridians  or  Longitudes  of  two  Places  gi" 
ven  tipon  the  Surface  of  the  Earthy  and  to  muke  a 
Cat^.logue  of  the  mofi  noted  Places  of  the  Earthy  with 
iheir  Lititudes  and  the  Differences  of  their  Meridian  f^ 
Itnd  tv  mcikt  a  Terr ejl rial  Globe. 
r  Let  any  inftantaneous  Phsenomenon  (as  the 
beginning  or  end  of  a  Lunar  Eclipfe,  or  of  an 
Eclipfe  of  any  of  Jupiters  Satellites,)  be  obfer- 
vtd  by  Obfervers  in  the  given  Places,  noting 
the  hour  in  both  Places:  The  difference  of  the 
hours  converted  into  an  Arc  of  theEquator  gives 
the  Difference  of  the  Longitudes  or  Meridians 
fought.  And  that  of  the  Places  propofed  is 
more  toward  the  Eafl,  that  reckons  more  hours 
afcer  Noon  ^  But  if  they  reckon  the  fame,  they 
tre  under  the  fame  Meridian.  For  (Ince  the 
fame  moment  of  time  has  differing  names  as  to 
the  hour  in  thefe  two  Places,  the  Noons  of 
thefe  Places  or  any  other  hours  of  the  fame 
name,  will  be  as  diftant  from  one  another,  as 
thefe  different  hours  in  the  fame  Place  ^  and 
vonfequently  the  Arc  of  the  Equator  intercept- 
^  between  the  Meridians  of  the  Places  is  right* 
ly  found  by  allowing  15:°  for  every  hour.  This 
interval  of  Time  is  called  the  Difference  of  the. 
Mridi  wj,  appofiteiy  enough,  becaufe  it  is  fo 
of  the  Noons, 

tn 
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In  like  manner,  if  a  Clock  that  (hews  exadlj  I 
ftie  hours  at  one' of  the  Places  be  carried  tc' 
the  other,  to  be  compared  with  another  (hewing  | 
the  hours  there^  the  Difference  of  the  houril 
reckoned  by  the  Clocks,  cohverced  into  an.  Ar^l 
of  the  Equator,  gives  the  Dif!;erenqe  of  the  Lon-i 
gitudes  fought:  Fox  thtts,  as  in  the  former i 
cafe,  you  know  the  interval  betweeh  the  houdj 
reckoned  at  the  fame  riioment  in  the  two  Pla^-i 
ces.  For  the  Clocks  that  is  tran(ported,  is  (iipi- 
pofed  to  fhew  the  hours  after  the  fame  manne^^i 
as  it  would  have  done,  had  it  continued  in  itsi 
place. 

To  each  of  the  more  noted  places  that  are 
put  into  a  Catalogue,  add  the  Latitude  pro* 
per  to  it,  expreffed  by  the  fame  number  of 
degrees  (  by  P>op.7,J  as  is  the  Altitude  of  the 
Pole  obferved  there  by  Trop,  17.  Add  alft 
in  aiiother  column  the  Difference  of  the  Meri^ 
dians  expreffed  by  hours  and  their  parts  f  founi 
by  what  has  been  faid  before)  of  the  Place  pro^ 
pofed  and  of  the  Place  affumed,  together  with 
the  mark  of  Addition  or  Subtradion,  according 
as  the  Meridian  of  the  one  lies  to  the  Eaft  or  td 
the  Weft  of  che  Meridian  of  the^  other. 

The  Latitudes  of  the  Places  and  the  Different 
ces  of  the  Meridians  being  given,  'tis  eafy  t6 
inake  by  them  a  Terreitrfal  Globe :  For  the 
Poles  and  a  great  Circle  upon  them  being 
drawn  upon  a  Sphere  made  for  tha:  purpofe, 
which  will  reprefent  the  Poles  of  the  Earth  and 
the  Equator,  thro'  the  Poles  draw  a  Circle  re- 
prefenting  the  Meridian  of  the  Place  f  to  which 
the  Meridians  of  the  other  Places  in  the  Cata- 
logue are  referred, )  and  init  mark  out  a  point 
diftant  from  this  feigned  Equator,  as  many  de- 
grees as  there  are  in  the  Latitude  of  the  Place 
let  down  in  the  Table  ^  and  that  point  will 

there* 
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herefore  reprefent  the  faid  Place.  Any  other 
?lace  is  CO  be  put  in  a  Circle  paffing  thro*  the 
?oles,  between  which  and  the  Meridians  alrea- 
Jy  fettled,  ther^  are  as  many  degrees  of  the 
■(?igned  Equator  (and  that  according  as  the  fe* 
:ond  Place  is^  towards  the  Eaft  orWefl:,)as  there 
ire  in  the  tabular  difference  of  Longitudes  found 
ibove ;  and  as  many  degrees  from  the  feigned 
Equator  towards  either  Pole,  as  there  are  ia 
he  tabular  Laiitude  of  that  Place.  In  like  man«» 
ler,  the  other  more  noted  Places  are  to  be 
narked  upon  the  furface  of  the  Globe*  The 
intermediate;  or  left  noted  Places  are  fupplied 
>y  the  common  Chorographyj  and  Itineraries, 
naking  ufe  of  the  Latitude  of  fome  for  corre* 
Hon ;  for  this  is  more  eafily  obferved  than  the 
)ifference  of  Longitude*  The  Globe  being  thus 
inifhed,  either  the  Meridian  of  our  own  place^ 
i»r  any  other  paffing  thro'  the  Azores  or  any  of 
he  Fortunate  Iflands,  may  be  reckoned  for  the 
ijrfl: ;  that  is,  the  degrees  of  the  Equator  are  to 
iO,  reckoned  from  the  interIe<!:tion  of  it  with  the 
aid  Meridian  (or  beginning)  towards  the  EafL 
fhen  the  other  Circles  aqd  neceffary  appurte* 
lances  defcribed  in  Frop.iji^,  are  to  be  added  ac-- 
ording  to  art. 

Proposition  XXXIII. 
Y^tiE  Elevation  of  the  Vole,  the  Right  Afccnfion 
^  and  Declination  of  a  Star,  or  any  other  point 
ft  the  Heavens  being  givin,  to  find  its  Afcenjional 
differ enccy  and  by  that  means  its  Oblis^ue  Afcenfisn^ 
Continuance  above  the  Horizon,  and  Eafiern  Amfli- 
tide. 

Having  laid  ^own  in  what  goes  before,  the 
nethod  of  determining  the  fituation  of  the  Cir- 
cles of  the  Sphere  for  any  habitation  or  place, 
•  ind  of  finding  by  obfervation  the  places  of  the 

Star^ 
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Stars  in  regard  of  the  faid  Circles  in  the  Cele- 
ftial  Sphere,  and  the  fituations  of  Places  on  the 
Earth  in  refped:  of  the  farhe,  cbnfidered  on  the 
furfaee  of  the  Ei^rth ;  We  ought  nbw^  by  the  rules 
of  Method^  to  fliew  how  to  lefoive  by  calcula- 
tion fpme  of  the  chief  remaining  Problems, 
about  what  has  been  detei  mined  and  found  out 
already,  and  according  to  their  Example  may 
any  others  relating  to  the  Firfl:  Motion,  be  ea* 
fily  refolved  after  the  fame  manner. 

In  the  prefent  cafe,  let  E^{Fig.  i2.)repre- 
fent  the  Equator,  Whofe  Pole  is  P;  HOi^  thei 
Horizon,  whofe  common  in terfe^^ion's,  O  and 
the  oppofite  point,    are  the    points    of  tru^i 
Eaft  and  Weft,  namely  the  Poles  of  the  Meri^i 
dian  TE^  Let  5  be  a  Star  rifmg  or  fetting,ahdi 
thro' it  imagine  a  Circle  of  Declination  VSA 
drawn.    In  the  Triangle  OAS  there  are  given; 
befides  the  right  at  A,  the  Angle  SO  A,  whofel 
meafure  is  HE,  the  Altittide  of  the  Equator;  thd* 
fide  AS^  the  Declihatiofi  of  the  Star  given  ;  corii 
fequently  0^,the  Afcenfional  Difference  fought, 
may  be  found:  For  O  is  the  point  of  the  Equator 
that  arrives  at  the  Horizon  together  with  the 
Star,*  A  is  2.  point  of  the  fame  that  arrives  witfi 
it  at  the  Meridian.    This  Afcenfional  difFeitncd 
therefore  fubtraded  from  the  Right  Afcenfion  of 
the  Star  declining  towards  the  elevated  Pole, 
but  added  to  the  Right  Afcenfion  of  the  Star  de- 
dining  towards  thedepreffed  Pole,  gives  its  Ob- 
lique Afcenfion  ^  and  fo  on  the  contrary  in  the 
Oblique  Defc^nfion.  But  this  fame  Afcenfional 
Difference  added  to  the  Quadrant,  or  fubtrat^ed 
from  the  fame,  gives  the  femidiurnal  Arc  of  the 
Star,  according  as  it  declines  toivards  the  eleva- 
ted or  deprefled  Pole :  And  that  turned  int6 
Ttfne,  gives  half  the  Continuance  of  the  Stara- 
bove  the  Horizon.    In  the  Triangle  O  ^4  5  thei 
fide  O  5  is  alfo  found,  the  Eaftcrn  or  Weftern 
Amn^'      \  By 
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Byrefolving  the  fame  Triangle  OAS  after 
ie  fame  manner  ;jiay  the  converfe  of  this  Pro- 
lem  be  folved ;  that  is,  the  Right  Afcenfion, 
)eclination  and  Continuance  above  the  Hori- 
Dn  of  any  Star  or  Point  being  given,  to  find 
le  Elevation  of  the  Pole. 

Proposition   XXXIV. 
^T^  HE  Elevation  of  the  Tole  being  given  ^  if  the 
JL     Altitude  of  a  Star  he  known  by  cbfewationy 
%hofe  Right  Afcenfion  and  Declination  are  knoivn^  to 
pd  the  moment  ofTime^and  the  Azimtfth  of  the  Star, 
'■  The  fame  Circles  of  the  Sphere  being  ex=- 
jelfed  by  the  fame  letters,  let  the  Vertical  ZSA 
(%•  9')  be  fuppofed  to  he  drawn  thorough 
je  Star  S.    In  the  Triangle  FZS,  all  the  fides 
e  given  ;  namely  P  Z^  the  complement  of  the 
evation  of  the  Pole  ,•  Z  Sy  the  complement  of 
e  Altitude  of  the  Star  above  the  Horizon  ;  and 
fi»,  the  diftance  of  the  fame  Scar  from  the  Pole, 
ithe  complement  of  the  Declinatioh:  The 
/igle  F ZS  therefore  is  found,  which  is  mea- 
fired  by  OA  the  Azimuth  fought ;  as  alfo  the 
ligle  ZP5,  whofe  meafure  is  the  Arc  of  the 
tjuator  E  R.    But  the  Sun's  place  being  given, 
I  Right  Afcenfion  is  alfo  given  :  Conlequent- 
Ithe  difference  between  this  and  the  Right 
fcenfion  of  the  Star,  known  alfo  by  fuppofiti- 
0,  is  alfo  given  :  Therefore  the  fum  or  difFe- 
race  of  thefe  Arcs  will  be  given  ;  namely  the 
i!c  of  the  Equator  intercepted  between  the 
Ksridian  FEH  and  the  Circle  of  Declination 
diwn  thro'  the  Sun,    which  converted   into 
tiie,  gives  the  time  before  or  after  Noon,  ac- 
cording as  the  Sun  is  to  Eafl  or  Weft  of  it. 
You  will  have  the  fame,  if  inftead  of  the  Al- 
t  ude  of  a  Star  its  Azimuth  be  known  by  ob- 
fcvation. 

Y  Pro- 
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Proposition    XXXV. 

'^HE  Longitude  of  the  Vlaccy  the  Hour  of  tbt 
dajy  and  the  Sttns  ^lace  being  gtven'y  toj^i^i 
ter7mne  the  fituatkn  of  the  Ecliptic  in  reffeci  of  the 
Horiz,on 'y  that  is y  to  fnd  the  Angle  of  the  Ecliptic 
and HoriziOn^^or  the  Altitude  eftheNonagefim  degree  of 
the  Ecliptic  from  the  rijing  point  above  the  Horizon,) 
the  rijing  point  of  the  Ecliptic  (  and  from  thence  th^  \ 
Nonagefim  degree)  and  the  point  of  the  Horizon ,  in 
Oifhlcb  the  Ecliptic  interfeBs  it^ 

Things  remaining  as  before,  let  S  be  the 
Sun  in  the  Eclipdc  MSEA  {Fig,  i;.]  Let  the 
righc  Afcenfion  for  the  given  hour  be  found  (by 
Vropj.  20.)  or  Cmaking  P5J5  the  Circle  of  Peclis; 
nationj)  the  point  B  in  the  Equator^  or  confe-i 
quentiy  its  diftance  from  E  the  next  Equinodi- 
al  point,  namely  E  B.  And  fince  the  Hour  is  gi- 
ven, the  Arc  of  the  Equator  B  ^  intercepted 
between  B  and  the  Meridian,  and  confequent- 
ly  BO  its  complement  to  the  Q^aadrant  of  the' 
Equator  3^0  :  But  B  E  is  given ,  from  whende 
the  Arc  E  O  is  known.  Tlierefore  in  the  Tri- 
angle JEO  comprehended  between  the  Eclip- 
tic, Equator  and  Horizon,  there  are  given  the 
Angle  AEOy  the  obliquity  of  the  Ecliptic,  and 
AOE  the  inclination  of  the  Equator  to  the; \ 
Horizon,  and  the  Mq  EO  j u ft  found :  From  i 
whence  the  reft  will  be  known ^  of  which  EAO 
or  its  complement  to  two  right  M  A  H  is  the 
Angle  that  the  Ecliptic  makes  with  the  Hori- 
zon, meafured  by  the  Altitude  of  the  Non^ 
gefim  degree  ^  E  A  the  diftance  of  the  rifing 
point  of  the  Ecliptic  from  the  Equinoctial  point 
E,  and  from  thence  the  highefl  point,or  the  No- 
nageiim  degree  from  the  rifing  point  A  becomes 
known ;  and  O  A  the  diftance  of  the  rifing  poiilt 
A  from  the  true  Eaft  O,  computed  in  the  Hori- 

Pxo- 
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Proposition  XXXVL 

TIlE  fame  things  being  given ^  to  find  the  fitua*' 
tion  of  a  Star,  whofe  Longitude  and  Latitude 
I  are  given y  in  regard  of  th^Horizjony  or  the  Altitude 
\  and  Atiimuth  \  as  alfo  to  determine  the  point  and 
Angle y  in  which  the  Vertical  thorough  the  Star  inter* 
fe^ls  the  Ecliptic, 

Let  the  place  of  the  Star  S   given  in  re^ 
gard  of  Longitude  and  Latitude  (  by  the  con^ 
yerfe  of  Pro/?.  27)  be  reduced  to  the  Equator; 
ii  is,  find  its  Right  Alcenfion  and  Declination* 
And  fince  the  Sun  s  Right  Afcenfion  is  given^the 
difference  of  thefe  Afcenfions  will  alfo  be  given. 
But  from  the  Hour  of  the  day  given,  the  Ard 
■;of  the  Equator  intercepted  between  the  Meri* 
jdian  and  Circle  of  declination  drawn  thro'  tha 
jSun  is  known  :  The  Arc  therefore  (  Fig,  14. J 
^B  of  the  Equator,  between  the  Meridian 
and  P5  the  Circle  of  declination  paffing  thro' 
Sy  is  alfo  known  ;  and  confequently  the  AngI© 
^P  By  which  it  meafures.    In  the  Triangle 
!2PSy  there  are  given  the  fides  V  Z,  T  Sy  ftha 
one  the  complement  of  the  Pole's  Elevation,  the 
other  the  diftance  of  the  given  Star  from  thePole^ 
known  by  its  Declination,)  together  with  the 
Angle  ZP S  juft  now  found  •  by  which  means 
there  will  be  known  the  fide  Z  5,  and  the  An- 
gle P  Z  S  :  ZS  is  the  complement  of  the  Alti-i 
tude  ESy  and  RE  the  Arc  of  the  Horizon,which 
is  called  the  Azimuth,meafures  the  Angle  PZS  ^ 
and  fince  JR  O  is  a  Quadrant,  the  Arc  OK 
the  diftance  between  O  the  point  of  the  trtie 
Eaft  and  the  Vertical  ZE  drawn  thro'  Sy  is  al^ 
Fo  found.    Befides,  in  the  Triangle  EC  Ay  com- 
'prehended  between  the  Vertical  2  5  £,  Hori^ 
£on  HORy  and  Ecliptic  AC  My  the  Angles  at 
E  and  A  are  given,(the  one  being  found  above, 
Y  z  and 
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and  the  other  a  right  angle^)  together  with  the 
intermediate  fide  EJ^  the  fum  or  difference  of 
the  known  Arcs  OEy  OA:  Therefore  the  other 
fides  are  alfo  given,  namely  A  C,  the  diftance 
of  the  point  C  from  the  rifing  point  A,  which  is 
known,  the  fide  EC,  and  the  Angle  ECA^ 
which  the  Vertical  2  5  E  drawn  thro'  the  Star 
Sy  contains  with  the  Ecliptic.  ^E.  F. 

Tho*  this  Problem  be  no  more  than  the  con- 
verfe  of  Prop.  263  yet  becaufe  of  its  frequent 
ufe,  I  thought  fit  to  infert  it. 

COROLLARX 

The  fame  things  being  given,  by  the  fame  la* 
bour  may  the  Place  on  the  Earth,  to  which  the?  ■ 
Star  S  is  Vertical,  be  determined.  For  in  the 
Triangle  ZPSy  in  which  all  the  Sides  and  An^ 
gles  are  known,  the  fide  P  S  denotes  the  di- 
llance  ©f  the  Place  on  the  Earth  from  the  Pole 
P,  from  whence  its  Latitude  is  known  ;  and 
the  Angle  ZP S  is  the  diftance  of  the  Meridi- 
ans of  the  Place  given  and  fought.  But  if  S  be 
in  the  Ecliptic,  the  Problem  becomes  more  fim- 
p\Q ;  and  is  ftill  the  more  fo,  if  it  be  the  Sun,  or^ 
the  Point  oppofite  to  it. 

Proposition  XXXVIL 

THE  Ele-vation  of  the  Pole  and  the  OhliqueAfci 
fan  of  the  Star  being  given ^  to  find  its  Cofn 
cal  and  Achronkal  Rifing. 

The  Circles  of  the  Sphere  \Eig.  15'.  ]  being 
marked  by  letters,  as  oftentimes  before,  in  the 
Triangle  EO  A,  there  is  given  the  Angle  at  E, 
namely  the  Obliquity  of  the  Ecliptic  ;  the  fide 
EO  the  Oblique  Afcenfion  of  the  Star  S  (at  leaft 
the  diftance  of  the  point  of  the  Equator  that 
rifes  together  with  it  from  the  next  Equi- 
nox, from  the  Oblique  Afcenfion  given)  and 
the  Angle  EOA  the  inclination  of  the  Equa- 
tor to  the  Horizon,  or  its  complement  to  two 

right: 
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Tight:  Therefore  the  fide  EA  will  alfo  be 
given  ;  and  confequently  that  point  in  the  E- 
clipiic  that  rifes  with  the  Sun.  Therefore  when 
the  Sun  is  in  this  point  of  the  EcHptic,  the  Star 
S  rifes  Cofmically ;  and  the  Sun  being  in  the 
oppcfite  point, the  fame  Star  rifes  AchroniGally. 
And  after  the  like  manner  may  the  Cofmical 
and  Achronical  Rifing  of  a  Star  be  found  from 
the  Oblique  Defcenfion  of  the  Star  (  found  by 

But  if  the  Cofmical  Rifing  and  Setting  fignify 
the  fame  thing  with  an  Afcent  above  Horizon 
or  Defcent  below  it ;  the  time  of  the  Cofmical 
Rifing  and  Setting  is  determined  by  the  prece- 
ding :  For  the  Altitude  of  the  Star  (being  no- 
thing in  its  Rifing  or  Settingj  is  given,  and 
therefore  the  moment  of  time  will  be  known. 
And  then  the  Achronical  Rifing  will  fignify 
what  it  commonly  does  ^  namely  the  Evening 
one.  And  the  Achronical  fctting  all  one  with 
the  Cofmical  fettingj  as  it  is  commonly  called, 
or  Morning  Q^e. 

Proposition  XXXVIII. 
Tp  O  determine  the  Heliacal  Rifing  and  Setting  of 
-■-    a  gizfen  Star,  ,i 

^  Things  remaining  as  they  were,  let  D 
iFig,  16.]  be  the  place  the  Sun  is  in  when  the 
Star  S  rifes  Heliacally.  Therefore  in  the  Tri- 
angle AFD  there  is  given,  befide  the  right 
angle  ^t  F,  the  Side  F  Dy  'viz,,  the  Arc  of  the 
^un's  depreflion  requifite  to  permit  the  Star  of 
a  given  magnitude  to  appear ;  alfo  the  Angle 
PAFy  which  the  Ecliptic  comprehends  with 
the  Horizon,  when  the  Star  S  rifes,  found  by 
Prop.  5 J  ;  therefore  the  Side  AD  will  alfo  be 
found  But  this  Arc  added  to  the  Arc  E  A 
(found  by  the  preceding)  gives  ED  the  diftance 
Y  3  of 
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fhe  Sun  from  the  Equinodial  point  E^  when  S 
rifes  Heliacally.  Therefore  the  time  of  the  He- 
liacal Rifing  of  a  given  Star  S  will  be  known  5 
namely  the  fame  as  that  wherein  the  Sun  pot 
feffes  D  the  point  of  the  Ecliptic  found.  And 
after  the  like  manner  the  Heliacal  fetting  of  it 
jnay  be  found. 

Proposition  XXXIX. 

THE  Latitude  of  the  Tlace  and  the  Suns  Tlacet 
being  giveny  to  find  the  beginning  of  the  Morn* 
ing  and  end  of  the  Evening  Twilight, 

Let  ZEPN  [Fiff.  17.]  exprefs  the  Mer^ 
dian  ;    E^^the  Equator;   HO  the  Horizon, 
whofe  Poles  are  Z  the  Zenith  and  N  the  Na- 
dir ;  S  the  Sun  depreffed  below  the  Horizon': 
Thro'  which  let  the  Circle  of  Declination  PSR' 
and  Vertical  ZSN  he  fuppofed  to  be  drawn.  1 
In  the  Triangle  ZPS  all  the  Sides  are  given; 
namely  ?Z  the  complement  of  the  Height  or 
the  Pole;  P  S  the  diftance  of  the  Sun  from  the 
Pole^  known  by  its  Place  ;  and  the  fide  Z  S, 
made  up  of  the  Quadrant  and  depreffion  of  the 
Sun,  neceffary  for  the  beginning  or  ending  of 
the  Twilight:  Therefore  the  Angle  Z?S  will 
be  known.whofe  meafure  is  the  Arc  RE,  which 
converted  into  Time,  gives  the  Hours  fought, 
to  be  reckoned  after  Noon  to  the  end  of  the 
Evening  Twilight  j  and  their  complement  to 
12  Hours,  or  the  Arc  R^,    the  Hours  to  be 
reckoned  from  Midnight  to  the  beginning  of 
the  Morning  Twilight, 
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Proposition  XL.  Lemma. 

IFtoifo  great  Circles  of  the  Sphere  cut  another  great 
Circle  at  equal  Angles^  the  Arcs  of  all  Circles 
faral/el  to  this  intercepted  by  the  two  cutting  the  third^ 
»re  fimilar  to  one  another  '^  and  the  Arcs  of  the  inter- 
fecants  contain  d  between  two  Varallels  are  equal. 

Let  two  great  Circles  HE  O,  H^R  [%.  1 8.] 

CUtthe  great  Circle  E^r  in  Ecand^^fo  as  that 

:  the  Angles  HE^,  H^V  may  be  equal.  I  fay, 

'the  Arc  AT  oi  any    Circle  PAL  parallel  to 

,^SJ^y  intercepted  between  HEO  and  H ^R 

lis  fimilar  to  E  ^  and  the  Arcs  V  E^  ^^  of 

flEOyH^^JH  intercepted  between  the  two  Paral- 

^lels,  are  equal      Thro'  the  Poles  of  E^r, 

Idraw  the  great  Circles  VB,  AC,    And  the  Sine 

|of  the  arc  ^  C,is  to  the  fine  of  the  arc  A  ^,  fo  is 

|(the  Sine  A^C  to  Radius,fo  is  Sine  VEB  to  Ra« 

idius  (b  is)  Sine  P  E  B  to  Sine  P  E.   But  the  arcs 

TBy  ACy  are  equal  (by  Vrof.  lo,  B.  2,  Spher, 

{Theodof,)  and  therefore  their  Sines ;  confequent- 

tly  their  Arcs  AS^^V  E  are  equal.    Befides,  in 

the  Triangles    ?  EBy  A^C,    in  which  the 

angles  B  and  C  (becaufe  right  J  and  £  and  ^(by 

fuppofition)  are  equal,  and  the  fides  V  Ey  A^ 

and  PS,  AC  are   already  fliewn  to  be  equal, 

the  fides  £  By  ^C,  will  alfo  be  equal,  and  con- 

jfequently  the  Arcs  £  ^,  B  C  are  equal.     But 

ATy  BC  (by  Vrop,  10.  B.  2.  of  the  Spharicj  of 

Theod.)  are  fimilar  Arcs  ^  therefore  ^E  and  A? 

iare  alfo  fimilar.    And  becaufe  the  Circle  TAL 

is  taken  at  pleafure,  the  Arcs  of  all  the  Circles 

parallel  to  E  ^Vy  coniprehended  by  the  Cir- 

I ^les  HEO,   H^Ry  are  fimilar  to  E  j^,  and 

i^onfequentiy  to  one  another.  4^E,  D, 
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Proposition  XLL 

TO  find  the  Parallel  the  Sun  is  in^  at  the  time 
of  the  Leafi  Twilight. 

It  has  been  long  ago  obferved^  that  the  pro-, 
portion  of  the   increafe  and    decreafe  of  the 
Twilight  is  very  much  different  from  the  in- 
creafe and  decreafe  of  the  Artificial  Days.  For 
the  Days  are  upon  the  increafe  all  the  while  the : 
Sun  returns  from  the  Winter  Tropic  to  theSum-r- 
mer  one ;  but  the  Twilights  do  not.     For  thefe 
are  leflen'd  after  the  Winter  Solftice  to  a  cer- 
tain limit  before  the  Vernal  Equinox,  where 
they  are  fmalleft  ;  and  are  afte wards  increafing  , 
while  the  Sun  paffes  the  Equator  and  moves  to- 
wards the  Summer  Solftice  :  And  from  thenceii 
they  are  upon  the  decreafe  to  a  certain  limit: 
after  the  Autumnal  Equinox  ^  and  then  agaia  i 
they  increafe  to  the  middle  of  Winter.     Let 
that  Parallel  then  be  propofed  to  be  fought,  that; . 
is  defcribcd  by  the  Sun  in  its  Diurnal  Motion* 
when  the  Twilight  is  fmalleft  at  a  given  Place. 

Let  ZSNMXFig,i<).  ]  be  the  Meridian^^; 
SEM  the  Horizon,  to  which  let  a  leffer  CircU-' 
CAR  called  that  of  the  Twilights,  be  parallel,' , 
namely  that  wherein  the  Sun  is  at  the  beginning 
of  the  Morning  and  end  of  the  Evening  Twi- 
light.    Let  AP  be  the  Parallel  fought.    Thr<^l^ 
the  point  ^,  where  it  interfeds  C  R,  fuppofe  I 
the  great  CirclQ  A\^HO  to  be  drawn  meeting^^ 
the  Horizon  HO  in  O  and  H,   which  cuts  the 
Equator  E  ^in  ^,  fo  as  that  the  angle  ^^4^£ 
i5  equal   to  the  angle  PED  or  TEK.    And 
therefore  (by  the  preced.  Lemma)  the  arc  E3 
is  fimilar   to  the  arc  P^^;  and"  the  arc  ap  ot 
any  orher  Circle  parallel  to  the  Equator,-  int#^*=> 
cepted  between  O  ES  and  O  A L,  will  alfo  be 
fniiilar  to  the  fame  AP  or  SJ^  \  and  each  of 

theiii' 
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them  will  be  the  meafure  of  the  duration  of  the 
Twilight,  while  the  Sun  defcribes  the  Parallel 
JP  A.  But  becaufe  ( by  hypothefis )  it  is  the 
ieaft  Twilight,  none  of  thefe  arcs,  befidesP^, 
will  reach  to  C  R.  (For  while  the  Sun  defcribes 
in  its  Diurnal  motion  any  other  Parallel,  the 
meafure  of  the  duration  of  the  Twilight  is  its 
2.rcfhf  intercepted  bee  ween  the  Horizon  SEM 
and  the  Circle  of  Twilights  CAR^  v/hich  fmce 
it  is  (by  fuppofition)  greater  than  the  meafure 
¥A  of  the  Leaft  TwiHght,  'tis  evident  that  pa 
does  not  reach  to  C  R,  becaufe  p  h  which  is 
greater,  only  reaches  fo  far. )  And  therefore 
the  Circle  of  Twilights  CAR  touches  the 
great  Circle  6  A  Hi  and  becaufe  part  of  it  un* 
der  the  Horizon,  ( namely  OAH)  is  a  femi- 
circle,  and  C  ^  i^  is  parallel  to  the  Horizon,  'tis 
evident  that  H  L  A  or  O  Ay  is  2l  quarter  of  a 
Circle.  And  therefore  the  Circle  NATZ^  de- 
fcribed  upon  the  Poles  Oand  Hthro'  A^  inter- 
fering the  Equator  at  X,  is  a  great  Circle,  and 
pafles  thro'  the  Zenith  and  Nadir,  and  meets 
I  the  Horizon  at  right  angles  in  7^  Befides,  in 
jthe  Spherical  Triangles  ETK,  S^AK^  the  an- 
igles  E  TKy  ^A  K,  (  by  Vrof.  i  y.  B.  i.  Theod. ) 
(are  right  and  confequently  equal,  as  alfo  the 
Ungles  TEKy  A^K,  (  by  conftrudion  )  are 
I  equal,  and  the  reft  TK  E^AK^  are  likewife 
j equal,  (becaufe  vertical:)  From  whence  (by 
Spherical  Trigonom.)  thefe  Triangles  are  mu- 
jtually  equilateral ;  that  is,  the  arc  TK  is  equal 
ito  K  A,  and  TE  to  ^A :  But  (  by  the  preced. 
I  Lemma)  ^H  is  equal  to  E  P,  therefore  TE  is 
i  equal  to  E  P.  Befides,  in  the  Spherical  Trian- 
gle ETK  right  angled  at  T,  (by  a  known 
'  Prop,  in  Spheric.  Trigonom.)  the  Radius  is  to 
;the  Co-Tangent  of  the  angle  TE  K  of  inclina- 
tion of  the  Equator  to  the  Horizon,  as  the  Tan- 
gent 
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gent  of  the  arc  TK  to  the  Sine  of  the  arc  E  Tt 
And  by  permut.  the  Radius  is  to  the  Tangent 
of  half  the  Arc  of  the  depreffion  of  the  Circle 
of  Twilights  below  the  Horizon,  as  theTangent 
of  the  Pole's  Elevation  to  the  Sine  of  the  arc  E  T 
or  E  P.  Again,  in  the  Triangle  EDP,  (making 
DP  the  Circle  of  Declination)  right  angled  at 
P,  the  Sine  of  the  arc  £  P  is  to  the  Sine  of  the 
Arc  D  P,  as  the  radius  to  the  Sine  of  the  Angle 
DE? ;  that  is,  to  the  Co-fine  of  the  Elevation 
of  the  Pole :  But  in  all  arcs,  the  Tangent  is 
to  the  Sine  as  the  Radius  to  the  Co-Hne ;  where- 
fore the  Sine  of  the  Arc  EF  is  to  the  Sine  of 
the  Arc  D  P  as  the  Tangent  of  the  Height  of 
the  Pole  to  the  Sine  of  it.  And  by  inverting 
and  permutation,  the  Tangent  of  the  Height 
of  the  Pole  is  to  the  Sine  of  the  arc  E  Ty  as  the 
Sine  of  the  faid  Height  is  to  the  Sine  of  the  arc 
D  P.  But  f by  what  has  been  fliewn  before^  in 
the  cafe  of  the  Leaft  Twilight,  as  the  Radius 
to  the  Tangent  of  half  the  arc  of  the  depreC- 
fion  of  the  Circle  of  Twilights,  fo  is  the  Tan- 
gent of  the  Height  of  the  Pole  to  the  Sine  of 
the  arc  £  P  ;  and  therefore  the  Radius  is  to 
the  Tangent  of  half  the  arc  of  the  depreffion 
of  the  Circle  of  Twilights,  as  the  Sine  of  the 
Height  of  the  Pole  to  the  Sine  of  the  arc  P  D  ; 
namely  of  the  declination  of  the  Parallel  thac 
the  Sun  defcribes  when  the  Twilight  is  Leaft. 

3.E.L 

SCHOLIUM. 

If  the  depreffion  of  the  Circle  of  Twilights 
below  the  Horizon  be  i8^  (as  it  is  commonly 
determined,;  the  Radius  will  be  to  the  Tangent 
of  9^  as  the  Sine  of  the  Latitude  to  the  Sine  of 
Declination  of  the  Sun  towards  the  depreifed 
Pole  at  the  time  of  the  Leaft  Twilight.  But  the. 

Declv 
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Declination  of  the  Parallel  and  Obliquity  of  the 
Ecliptic  being  given,  the  two  points  of  the  E- 
cliptic  will  be  found  (by  Frop.  20.)  and  (by  the 
Theory  of  the  Sun)  the  times  of  the  Year,  when 
the  Sun  is  in  the  given  Places ;  that  is,  when 
the  Twilight  is  Lead.  Tho'  at  London  the  Leaft 
Twilight  is  when  the  Sun  declines  from  the 
Equator  towards  the  South  6^  7^,  and  in  ±3t 
or  K  17^  30',  which  happens  in  the  prefent 
Age,  about  2.2^  of  Fehr.  and  27th  of  Septewher 
of  the  Julian  Year.  This  was  noted  by  Blan^ 
canus  in  his  Sphere ^  who  fays  that  the  ihorteft 
Twilights  happen  about  the  middle  of  Libra  and 
the  middle  ofFifces,  Feter  Nonius  has  propofed 
this  Problem  and  folved  it  (yet  by  two  Propor- 
tions) in  a  Book  concerning  the  Twilight Sy  pub- 
liflied  in  the  Year  1^41 ;  who  is  followed  by 
Awbrofiui  Rhodius  and  Cla<uius. 

Proposition    XLII. 

IN  a  Flam  given  hypojition,  on  -which  a  Sun-Dial 
is  to  be  drajvny  to  determine  the  Meridian  Line, 
\  Angle  of  the  Style ^  and  the  SubfiyJe  line. 
\     Every  Plane  upon  which  a  Sun-Dial  is  drawn; 
i  is  fuppofed  to  pafs  thro'  theCenter  of  the  Sphere, 
(becaufe  in  refped  of  the  diftance  of  the  Sun* 

I  its  diftance  from  the  Center  is  inlenfible,)  and 
•i  confequently  its  interfedion  with  the  furface 

of  the  Sphere  is  a  great  Circle. 

Let  IRSMCTlFig.  7,0.1^  be  fuch  a  Plane 

II  paffing  thro'  r,  the  Center  of  the  World  which 
produced  to  the  furface,  forms  the  Circle  IRS 
MC.  Let  HIO  be  the  Horizon  of  the  Place, 
H20  the  Meridian  (in  which  is  the  Pole  P,  and 
the  Zenith  Z)  interfeding  the  former  Circle  in 
M.    Thepofition  of  the  Plane  IRSC  being 

{given,  lis  Declination  is  given,  meafured  by  the 
Angle  ITH,  or  Arc  JH,  namely  that  whereby 

the 
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the  Horizontal  Line  JC  of  the  Plane  IRSC  de- 
clines  from  HO  the  Meridian  line  drawn  on 
the  Horizontal  Plane,  hy  Prop.  i6.    ZR  isalfo 
given,  namely  the  arc  of  the  Vertical  Circle 
perpendicular  to  IRSC^  intercepted  between 
the  Zenith  and  the  faid  Circle,  the  meafure  of  i 
the  Inclination  or  RecUnation  of  the  faid  Plane. 
In  the  Spherical  Triangle  M2R  rightangled 
at  Ry  there  is  given  ZRy  and  the  the  angk; 
RZ  My  equal  to  the  complement  of  the  angle: 
ITH  to  a  right  one :  (For  the  Vertical  Circle, ^ 
ZR  perpendicular  to  the  Circle  IR  S  C,  declines; 
from  the  prime  Vertical  (drawn  thro'  the  Equi- 
nodiial  Eaft  and  Weft)  as  much  as  IT  does 
from  HT;  and  confequently  the  complemenc 
of  the  one,  namely  RZM/is  equal  to  the  com- 
plement of  the  other,  namely  J  T'R).  Therefore 
the  fide   RM  will  be  found,    or  the    Aijgle 
(which  it  me?^uicsj  in  the  plane  of  the  Dial 
JR  TM.     But  TR  is  given  by  pofition  ;  (for  it 
is  fuccedaneous  to  a  perpendicular  on  the  fame 
Plane,  or  a  right  line  perpendicular  to  the  Ho-; 
rizontal  line  ITC  i)  wherefore  the  Meridian i 
line  TM  fought  in  the  Plane  of  the  Dial,  or  the^ 
common  interfe<5l:ion  of  the  plane  of  the  Merir 
dian  with  the  plane  of  the  Dial,  will  be  given. 
In  the  fame  Triangle  MZ  R,  are  alfo  found  the 
fide  ZM  sind  Angle  RMZ^  which  will  be  of 
ufe  by  and  by.    Again,  thro'  the  Pole  of  the: 
World  P,  draw  an  arc  of  a  great  Circle  T  S, 
perpendicular  to  IRSC:  And  in  the  Triangle  t 
RSM  rightangled  at  5,  there  is  given  the  An- 
gle PMS  found  juft  now,  and  the  fide  F  M' 
the  fum  or  difference  of  the  Arc  IM  found  i 
before,  and  of  the  diftance  of  the  Pole  from  thei 
Zenith,  namely  ZT:  Confequently  there  will  I 
be  known  both  the  arc  P  Sy  or  the  Angle,whichl 
it  meafures,  P75,  the  inglination  of  the  Axis; 

FT] 
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FT  to  the  Plane  IRSC,  that  is,  the  Angle  of 
the  Style  fought-  and  the  fide  MS,  or  the 
redilineal  Angle  STM,  which  it  meafures 
in  the  plane  of  the  Dial,  contained  between 
TM  the  Meridian  determined  before,  and  the 
Subftyle  T*5,  namely  that  upon  which  the  plane 
of  the  Gnomon  P  TS  ftands,  whofe  other  edge 
is  the  Axis  of  the  World  FT  cafting  the  flia- 
dow,  and  is  perpendicular  to  the  plane  of  the 
Dial.  ^£.  F. 

Proposition  XLIII. 

To  find  the  Aiigle^  that  the  line  of  aglvm  Hour 
makes  with  the  Meridian  in  the  plane  of  the 
Dial ;  and  thence  to  defcribe  a  Sun-Dial  upon  a  gi^ 
*iren  plane* 

i  The  fame  things  remaining  as  before,  let  BFh 
|[%.  21.]  be  the  Hour  Circle,  the  inrerfedion 
'CTb  of  whofe  Plane  with  the  Plane  JikfC  gi- 
ven by  pofition  is  fought.  The  Hour  of  this 
^Circle  being  given,  the  Angle  HF  B  or  MF  b 
is  given,  contained  by  it  and  the  Meridian, 
jTherefore  in  the  Spherical  Triangle  FMhyXhtxQ 
|are  given  (  by  preced.  Prof .  j  the  iide  F  M, 
tod  the  angle  F  Mhy  as  alfo  the  angle  MFh: 
iTherefore  the  arc  Mb  is  found;  and  the  redi- 
iineal  angle,  which  it  meafiires,  MTby  which 
the  Hour  line  Tb  makes  with  the  Meridian  TM. 
ITherefore  the  right  line  TM  being  given 
^(by  Frop.  preced.)  the  Hour  line  fought  Tb,  in 
the  plane  of  the  Dial  given,  will  be  determined. 
^  E.  F, 

And  after  this  manner  a  Sun-Dial  may  be 
made^  by  drawing  a  Meridian  and  Subftyle 
from  a  point  affumed  at  pleafure  for  a  Center, 
[(by  preced.  Frop.)  and  ereding  upon  the  Sub- 
ftyle a  Style  in  an  Angle  found  alfo  by  the 
preced.  and  drawing  the  other  Hour  lines  in 

Angles 
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Angles  with  the  Meridian  T My  determined 
by  this  Propofition,  and  marking  them  with 
their  proper  numbers*  Thus  Th  is  the  eleven 
a  clock  Hour  line  after  Midnight,  \iVB  be  a 
Circle  to  the  Eaft  of  the  Meridian  P2//, 
making  with  it  an  Angle  of  i  j  ^ ;  that  is^  if 
Th  be  to  the  Weft  of  the  Meridian  line  T M^ 
and  the  Angle  M?h  in  the  furface  of  the  Sphere 
of  ly  ^.  And  after  the  like  manner  T X^  fi- 
tuated  on  the  fame  fide,  will  be  the  ten  a  clock 
Hour  line,  if  M  P  X  be  30  ^,  and  fo  on. 

Proposition    XLIV, 

TO  draw  a  give^  Hour  line  upon  a  Sisn-Dia!, 
whofe  plane  paffes  thro   the  Voles  ^  and  fo  to 
defcrihe  a  Tolar  Dial. 

Becaufe  all  the  Hour  lines  interfed  one  ano- 
ther in  the  Axis  of  the  World,  and  this  Axis  is  . 
always  in  a  Polar  plane ;  'tis  evident  that  all  the 
Hour  lines,  in  fuch  a  plane,  are  to  be  found  in 
that  Right  line :  But  that  they  may  be  diftin* 
guifhed,  and  not  confounded  with  the  Subftyle, 
the  Dial  is  not  to  be  conceived  as  defcribed 
in  the  plane  IMC  itfelf,  [Fig.  22.]  paffing  thro' 
the  Center  (  as  it  is  in  all  other  cafes, )  but  in 
another  plane  i  m  ^,  parallel  and  near  to  the 
former;  fo  that  the  opake  right  line  thatcaftf 
the  fhadow  and  coincides  with  the  Axis  of  the 
World,  is  diftant  from  the  plane  i  m  y,  by 
the  right  line  FS:  And  fince  the  diftance 
of  the  Sun  is  look'd  upon  as  Infinite,  any  given  , 
Right  line  as  TS^  vaniihes  in  refped  of  it,  and 
the  parallel  Planes  paffing  thro'  IMC,  imy, 
are  efteem'd  as  very  near  one  another ;  and  the 
portions  Vm^Th^  &c.  of  the  Hour  circles  HF  m, 
jgp^,  &c.  croffing  one  another  in  the  Pole  P, 
intercepted  between  the  Pole  and  the  Circle  , 
iwy^  are  to  be  looked  upon  as  Right  lines ;  and 

the 
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the  part  of  the  Spherical  furface  which  thefe 
portions  take  up  (being  infinitely  fmali  in  com- 
purifon  of  the  whole)  is  to  be  look'd  upon  as  a 
Plane. 

In  the  Polar  plane  then,  having  found  (  by 
trop.  42.  J  the  Subftyle,  ered  the  Style  of  any 
breadth  taken  at  pleafure,  as  P  S,  whofe  other 
edge  plac'd  in  the  Axis  of  the  World  is  paral- 
lel to  the  Subftyle ;  for  in  this  cafe  there  is  no 
Angle  of  the  Style.  To  find  the  Meridian  line, 
obferye  that  in  the  redilinear  Triangle  PS »?, 
befides  the  right  angle  at  5,  there  is  given  the 
fide  P  5,  namely  the  height  of  the  Style ;  and 
the  angle  Sm?  equal  to  the  angle   MPZ^ 
found  at  Pr<?;'.  42;  .hence  you  may  find  Sm 
the  diftance  of  the  Meridian  line  from  the  Sub- 
ftyle in  the  right  line  S  m,  which  is  perpendi- 
cular to  the  Subftyle^  becaufe  M  P  (parallel  to 
i  y^)  is  perpendicular  to  P  7"^  and  you  may  al« 
ib  find  the  fide  T m:  A   right  line  therefore 
(idrawn  thro'  the  point  »?,  parallel  to  the  Sub- 
ftyle (  becaufe,  as  was  faid  before,  the  Hour 
lines  and  Subftyle,  which  alfo  is  one  of  them, 
i  on  this  fort  of  Planes  are  parallel )  will  be  the 
^Meridian  line  in  the  Sun-Dial  propoled, 
i    If  any  other  Hour  line  given  is  to  be  drawn^ 
Iwhole  Circle  for  inftance  is  BP;  in  the  Tri- 
•  angle  F bm  there  are  given  the  angles  F mb, 
and  mF  by  the  one  found  before,  and  the  other 
squal  to  the  vertical  angle  J2PJ5,  given  becaufe 
the  Hour  of  the  circle  P  B  is  given^j  as  alfo  the 
Me  P  m  determined  before :  Hence  therefore 
nay  mbhc  found,  whofe  extremity  m  is  given, 
:onfequently  b  alfo  will  be  given.     A  right 
ine  therefore  drawn  thro'  it  parallel  totheSub- 
lyle,  will  be  the  Hour  line  of  the  circle  P  B, 
\nd  after  the  like  manner  may  all  the  other 

Hour 
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Hour  lines  be  drawn,  and  a  Sun-Dial  made 
upon  a  Polar  plane.  ^£.  F. 

There  are  other  eafy  methods  of  making  Sun- 
Dials;  but  we  have  taken  the moft obvious,  and 
one  that  is  the  fitteft  for  the  illuftration  of  the 
dodrine  of  the  Fir  ft  Motion:  And  after  this 
manner 'tis  eafy  to  defcribe  upon  a  Sun-Dial 
any  other  fuch  furniture  as  may  be  fliewn  by  the 
Ihaddow  of  a  Gnomon, 


Section   VII.  j 

Coneerning  the  Parallax  of  the  Stars.  | 

Proposition  XLV. 

TO  defcribe  the  nature  of  the  TaraUaXy  and  t(^ 
enumerate  the  'various  forts  of  it. 
Thro'  all  this  Book  we  have  fuppofed  the" 
Phenomena,  whofe  places  we  have  been  treat- 
ing of,  to  be  fituated  among  the  Fixed  Stars  ^ 
or  (if  they  are  placed  between  the  center  or 
the  Earth  and  furface  or  Fix  d  Stars,  that  they 
are  referred  to  the  Fix  d  Stars  by  the  help  of  i 
right  lines  drawn  from   the  center  thro'  the 
Phenomena  ^  that  is,  that  they  are  feen  from 
the  Center.    And  tho'  the  Earth  in  refped  or  t 
the  Sphere  of  the  Fix'd  Stars,  is  taken  for  a 
center,  and  puts  on  the  nature  of  one,  yet  in 
refped  of  the  diftances  of  the  other  Celeftial 
Bodies  it  does  not  happen  fo ;  but  an  interme- 
diate Phaenomenon,  feen  from  the  furface  of 
the  Earth,  will  have  a  place  among  the  Fix  d 
Stars  (or  in  an  infinite  diftant  furface  of  a  con- 
cave Sphere  concentric  with  the  Earth,  j  diffe- 
rent from  that,  which  it  feems  to  have  when 
feen  from  the  center^  and  this  diverfity  of  ap- 
pearance 
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pearance  is  very  fitly  call'd  the  Varaliax  t  Thust 
for  inftance,   if  LT  [Fig.  2^.^  reprefenc  the 
Earth,  whofe  Center  is  C;  L  a  Place  on  the 
furface,  whofe  Zenith  is  Z  ^  ZSH  the  Sphere 
of  the  Fix'd  Stars;  the  Phasnomenon  P  feen 
from  L  will  be  placed  among  the  Fix'd  Stars  at 
r,  but  from  the  Center  C,  at  S  its  true  place. 
fThe  difference   between  its  true  place  5  and 
;the  apparent  one  (t,  or  the  Arc  Scr^  is  the  Paral- 
lax offthe  Pha^nomenon  P  :  And  it  may  be  ex- 
ipreffed  by  the  Angle  5  P  <r,  or  L  P  C  ,♦  for  fince 
JL  T  in  refped  of  the  circumference  ZSH  va- 
jiiifhes^z,  P  h  alio  (to  which  LThas  a  (enfible  pro- 
portion) is  as  a  Center  in  refpcd  of  ZSH ;  that 
the  Arc  S  a-  may  be  confidered  as  defcribed 
apon  the  Center  P.    From  whence  it  is  evident 
hat  by  reafon  of  the  Parallax,  any  Phsenome- 
ion  appears  nearer  to  the  Horizon  than  it  is^ 
n  a  Vertical  Circle,  and  that  fo  much  the  more 
IS  fother  circumftances  being  alike)  it  is  lefs 
jlevated  ^  and  that  a  Phaenomenon  feen  from 
he  furface  in  L,  in  the  Vertex,  as  in  z>y  is  refer- 
ed  to  the  fame  place  among  the  Fix'd  Stars,  as 
fit  had  been  feen  from  the  Center  C,  or  that 
here  is  no  Parallax  in  the  Zenith. 

By  reafon  of  the  Parallax  before  defcribed 
'  which  is  caird  either  the  Parallax  of  Jltitude^ 
)r  alfo  fimply  the  Parallax)  the  Place  of  a  Phce- 
lomenon  is  alter  d  as  to  Longitude  and  Lati- 
jUde ;  For  let  the  true  place  of  a  Phaenomenon 
>e  C,  {Fig,  24.]  the  apparent  y,  fo  that  the  Pa* 
allax  is  Cy'y  if  you  imagine  the  Circles  of  La- 
itude  C  £,  >  g  drawn  thro'  G  and  >,  meeting 
he  Ecliptic  E  LinE  and  s,  the  apparent  Place 
n  the  Ecliptic  will  be  g  the  true  E  ;  and  there- 
ore  the  change  of  Longitude  made  by  reafon 
)f  the  Parallax,  is  E  «,  which  is  alfo  called  the 
'^ar allax  of  Longitude,  And  the  true  Latitude  C  E 
^  Z  is 
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is  changed  into  the  apparent  one  y «,  the  difFe 
rence  of  which  y  o  (fuppofing  C  o  parallel  to  th< 
Ecliptic)  is  the  Tarallax  of  Latitude.  But  if  i 
hfippen  that  the  Vertical^  ^s  ZDN,  paflingthro 
the  Phenomenon  Dy  is  alfo  perpendicular  t( 
the  Ecliptic  (which  comes  to  pafs  when  it  paf 
fes  thro'  the  higheft  point  of  the  Ecliptic  J^  o. 
Nonagefim  degree  from  the  Eaft)  then  th(. 
Parallax  afFeds  only  the  Latitude.  For  by  thii 
Parallax  the  Place  is  only  changed  in  the  Ven 
tical,  and  becaufe  '( in  the  prefent  cafe )  thi 
coincides  with  the  Circle  of  Latitude,  the  Place 
is  only  changed  in  this,  that  point  of  the  Eclip 
tic  continuing  unchanged^to  which  it  is  referrx 
by  the  faid  circle  of  Latitude  :  and  in  like  maa 
ner  only  the  Longitude  is  fometimes  affeded 
the  Latitude  continuing  unchang  d  ;  namely 
when  the  Phenomenon  is  in  the  Ecliptic  paf 
fing  thro'  the  Zenith.  From  whence  it  is  evi 
deiit,  that  the  Longitude  of  a  Phenomenon  fitu. 
ated  to  the  Eaft  of  the  Nonagefim  degree  of  tht 
Ecliptic,  is  increafed  by  the  Parallax,  becauft 
it  is  removed  more  to  the  Eaft  upon  this  ac- 
count;  but  that  the  Longitude  of  one  fituated  te 
the  Weft  from  thence  is  leifen'd  :  Wherefoi:^ 
fcefides  all  other  motion  which  the  Phenomenori 
may  have,  it  will  feem  to  be  moved  by  reafor 
of  the  Parallax,  becaufe  change  the  Parallax 
and  its  apparent  place  will  be  changed.  An^ 
this  motion,  becaufe  not  real  but  apparent,  i 
called  by  fome  the  Parallax  of  Motion,  Now 
what  is  to  be  underftood  of  a  Phenomenon  in 
refped  of  the  Ecliptic  and  its  Secondaries,  ii 
to  be  underftood  after  the  like  manner  concera- 
ing  the  fame  in  regard  of  the  Equator. 


Pro 
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Proposition  XLVL 

TtiE  difiaHce  of  a  Thammenon  from  the  Earth 
is  to  the  Semidiameter  of  the  Earthy  as  tht 
Sine  of  the  apparent  difiance  from  the  Verteo?  is  to 
the  Sine  of  the  Parallax, 

Let  r  be  the  center  of  the  Earth ;  [%.  ^y .] 
the  Place  on  the  Surface  £,  its  Zenith  2,  Ho- 
rizon TH ;  and  let  the  Phenomenon  be  in  Pi 
Mow  ffrom  the  known  property  of  a  rectilineal 
Triangle  )  TF  is  to  T L  as  the  Sine  of  the 
ingle  TL  P  {  or  of  its  complement  to  two 
ight  ZL?)  to  the  Sine  of  the  angle  TFL^ 
[hat  is,  the  diftance  of  the  Phaenomenon  froni 
|he  center  of  the  Earth  is  to  the  femidiametef 
i)f  the  Earth^as  the  Sine  of  the  apparent  diftance 
rom  the  Vertex  to  the  Sine  of  the  Paralla^d 

Confequently  the  Parallax  agreeing  to  a  gU 
'en  Altitude  being  given,  the  diftance  of  thai 
Phenomenon  from  the  Earth  will  alfo  be  gi- 
I'en  ^  and  fo  ^vice  verfa, 

PROPOSITtON  XLVIL 

rHi,  Sines  of  the  apparent  di fiances  of  a  Vhaffo^ 
menon  from  the  Vertex  are  as  the  Sines  of  thi 
araUaxes. 

For  (by  preced.  Pr^/>.)  the  Sine  of  the  app^r^ 
^t  diftance  from  the  Vertex  is  to  the  Sine  of 
be  Parallax,  as  the  diftance  of  the  Phaenome« 
ion  from  the  center  of  the  Earth  is  to  the  femi- 
iameter  of  the  Earth;  that  is  (in  the  fame  Phe- 
omenon j  in  a  conftant  Ratio.  Wherefore^  as 
le  Sine  of  the  apparent  diftance  from  the  Ver- 
^X  in  the  firft  Obfervation  is  to  the  Sine  of  the 
pparent  diftance  from  the  Vertex  in  any  other 
)bfervation,  fo  is  the  Sine  of  the  Parallax  in 
le  firft  obfervation  to  the  Sine  of  the  Parallax 
'ithe  fecond  Obfervation.  ^E^D^ 
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Proposition  XLVIII. 

THE  Parallaxes  of  two  Vhanomena  at  unequal 
diftances  from  the  Center  of  the  Earthy  hut 
whofe  apparent  diftance  from  the  Vertex  is  equal^  are 
reciprocally  as  the  difiances  from  the  Center  of  the 
Earth. 

Things  being  expreffed  as  before,  let  the  two 
Phaenomena be  P  and  ^  [_Fig.26.']  in  an  equal 
apparent  diftance  from  the  Vertex  Z,  meafured 
by  the  Angle  ZLF,  'Tis  evident  that  the  Sine 
of  the  Angle  LTT,  is  to  the  Sine  of  the  Angle 
TfT^  or  LpTy  that  is/ that  the  Sine  of  the  Pa- 
rallax of  the  Phcenomenon  P,  is  to  the  Sine  of 
the  Parallax  of  the  Phaenomenon  p  as  Tp  to  TP, 
that  is,  reciprocally  as  the  diftances  of  the  Phas- 
nomena  from  the  Center  T. 

t^feOPOSITION  XLIX. 

THE  ratio  of  the  Sifte  of  the  Parallax  of  one 
Thanomenon  to  the  Sine  of  the  Parallax  of  an- 
other Phenomenon  is  compounded  of  the  inverfe  ratio 
of  the  difiances  from  the  Center  of  the  Earthy  and 
of  the  dire^  ratio  of  the  Sines  of  the  apparent  di" 
jfances  from  the  Vertex, 

For  when  the  diftance  from  the  Center  of 
the  Earth  is  given,  the  Sine- of  the  Parallax  is 
as  the  Sine  of  the  apparent  diftance  from  the 
Vertex,  (by  Prof.  47;)  and  the  apparant  diftance 
from  the  Vertex  being  given,  the  Sine  of  the 
Parallax  is  reciprocally  as  the  diftance  from  the 
Center  (by  preced.j  And  therefore  when  nei- 
ther is  given,  the  Sine  of  the  Parallax  is  as  the 
apparent  diftance  from  the  Vertex  directly,  and 
the  diftance  from  the  Center  of  the  Earth  reci- 
procally, conjundHy.    ^E.D. 

Pro- 
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Proposition  L. 
'T^O  find  the  Parallax  of  a  Th^tnomenm  that  doe^ 
-*-    not  change  its  Declination^   f^ffi^S  between  the 
Tole  and  Vertex, 

Let  ZV  [^^^^.27.] be  the  Meridian,  and  in  it 
Z  the  Zenith,  P  the  Pole;  the  true  Place  K, 
and  L  the  apparent  Place  of  the  Phaenomenon, 
whofe  Parallel  defcribed  by  the  firft  Motion  is 
VA  ;  the  Vertical  fartheft  off  from  the  Meridi- 
an Z  Ay  touching  the  Parallel  VAy  VA  an  Arc 
let  fall  perpendicularly  upon  it,  from  the  Pole  P. 
In  the  Spherical  Triangle  Z  A  P,  right  angled 
at  Ay  by  the  Side  Z  P,  the  Complement  of  the 
Height  of  the  Pole,  and  the  Angle  VZAy  or 
Azimuth  known  by  Obfervation  being  given, 
you  will  find  the  Side  VAy  or  PT equal  to  it, 
the  true  diftance  of  the  Parallel  from  the  Pole 
P;  the  fum  or  difference  of  this  and  ZV  is  ZV 
the  true  diftance  (or  that  feen  from  the  Center 
of  the  Earth)  from  the  Vertex  Z :  And  the  dif- 
ference between  this  and  the  apparent  one  ZLy 
namely  TL,  is  the  Parallax  of  the  Pba^nome- 
non  agreeing  to  the  Altitude  in  F.    S^  E.  I. 

/'     Proposition  LI.    Lemma. 

fc-  I  ^  HE  fum  or  difference  of  any  two  Arcs,  together 
J^     with  the  Ratio  of  their  Sines y  to  find  the  Arcs 
\themfelves. 

I  Firft,  if  the  fum  of  the  Arcs  be  given,  the 
|Problem  is  all  one  with  that  common  Trigo- 
inometrical  one,  where  two  Sides  A  By  AC, 
^Fig.  28.]  of  a  redilineal  Triangle  being  given, 
jtogether  with  the  Angle  included  BACy  the 
other  two  Angles  B  and  C,  are  required  :  For 
when  the  Angle B^^C  is  given,  the  Angle  BAD 
is  the  fum  of  the  Angles  B  and  C  themfelves ; 
^and  the  ratio  of  the  Sides  ACy  AB,  is  the  fame 

Z  3  with 
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with  that  of  the  Sines  of  the  Angles  B  and  C. 
This  Problem  therefore  will  be  folv'd  after  the 
fame  manner  as  that ;  for  'tis  known  that  the 
fum  of  the  Sides  AB,  AC  is  to  their  difference, 
that  is,  the  fum  of  the  terms  of  the  given  ratio 
is  to  their  difference,  as  the  Tangent  of  half  the: 
fum  of  the  Angles  B  and  C,  or  of  the  Arcs  thar 
meafure  them,  to  the  Tangent  of  half  the  dif-- 
ference  of  them:  But  the  fum  and  difference  of 
the  terms  of  the  given  ratio  are  given,  and  the: 
fum  of  the  Arcs  being  given,  the  Tangent  of 
half  the  fum  is  given;  therefore  the  Tangent i 
of  half  the  difference  will  be  known,  and  con-^ 
fequently  half  the  difference  it  felf  •  from  hence, 
and  half  the  fum,  will  the  Arcs  themfelves  b^: 
known.  But  if  the  difference  of  the  Arcs  be 
given,  half  the  one  and  Tangent  of  the  other 
will  be  given,  and  confequently  (from  the  for^ 
mer  Proportion;  the  Tangent  of  half  the  Sum 
of  them,  and  the  half  Sum  it  felf  will  be  found* 
from  whence  the  Arcs  themfelves  will  become 
Known,  after  the  like  manner  as  before.  ^  E.  F\. 

PoposiTioN  LII.  a 

Both  the  Meridian  Altitudes  of  a  Thanomenon 
being  gi'ven^  which  does  neither^  change  its  de-^ 
clination  nor  fet^  to  find  its  Varallax,  .    ^ 

Let  ^  H  be  a  quarter  of  the  Meridian  [Kg-.29.] 
reaching  from  the  Zenith  to  the  Horizon,  iii 
which  the  Pole  is  P ;  the  real  place  of.the  Phe- 
nomenon above  the  Pole  A^  the  apparent  ct ;  it^ 
true  place  below  the  Pole  5,  Its  apparent  ^i 
If  the  Phasnomenon  pafs  between  the  Pole  and 
the  Vertex,  the  difference  between  the  obfer- 
yed  diftances  from  the  Pole,  namely  P/^^^Pa^ 
is  the  fum  of  the  Parallaxes  in  ct  and  /?.  For  a 
prcle  defcribed  upon  the  Pole  P  thro'^,  pafles 
alfo  thro'i^,  becaufe  the  true  declination  of  thQ 

Phaew 
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Phaenomenon  is  always  the  fame.  If  farther 
thro'  A  you  defcribe  upon  the  fame  Pole  the  Cir- 
;jcle  ttQy  then  will  VC  =  P«t,-  and  therefore 
I  PiS  _  Pet  =  (  P/S  —  PC  =  C/S  =)  CO  the  fum  of 
\  the  Parallaxes  in  a  and  /?.  But  the  fiim  of  the 
;  Parallaxes  in  *  and  ^  being  given,  and  the  ratio 
[of  their  Sines,  (being  the  fame,  by  '?rof.  47. 
\  with  the  ratio  of  the  Sines  of  the  apparent  di- 
ftances  from  the  Vertex,)  the  Parallaxes  them- 
jfelves  fought,  will  alfo  be  found  by  the  preced. 
!  Lemma. 

If  the  Phasnomenon  pafs  beyond  the  Vertei 
inrefpecSbof  the  Pole,  then  the  difference  bfe^ 
tweenP^,  P*[Fi^.  30.]  the  diftances  obferved 
ifrom  the  Pole  is  equal  to  the  difference  of  the 
[Parallaxes.  For  fince  B  /3  i^  the  Parallax  in  the 
\  apparent  place  /?,  and  ^  *  or  (the  fame  prepa- 
I  ration  being  made  ufe  of  as  beforej  BC  in  the 
place  <t,  C  /3  (that  is,  P  /2  —  P  ct)  is  the  difference 
;  of  the  Parallaxes  in  the  apparent  Places  /3  and  «. 
I  But  the  difference  of  the  two  Arcs  being  given, 
[together  with  the  ratio  of  the  Sines  (namely 
the  fame  with  the  ratio  of  the  Sines  of  the  ap- 
parent diftances  ^^,  Z/2  from  the  Vertex,)  the 
\  arcs  themfelves  or  the'Parallaxes  fought  will  be 
found. 

But  if  the  Phasnomenon  pafs  thro'  the  Ver. 
:tex  it  felf  ^  that  is,  if  the  points  Z,  A  and  ^ 
coincide,  alfo  B  and  C,  then  B9>  ox  C^  is  the 
Parallax  it  feif  of  the  apparent  Place  /3, 

PsoposiTioisr    LIII. 

l  13  Oth  the  Altitudes  of  a  Thanomeriony    that  does 

'  X3   "^ot  change  its  declination^  being  given^  and  oh- 

fewed  in  the  fame  Vertical  Circle ^  to  find  its  Parallax, 

The  reft  being  exprefled  as  before,    Let 

ZAB  [Fi^.  31.]  be  the  Vertical  Circle,  in  which 

the  Phasnomenon  has    been   twice    obferved, 

Z  4  name- 
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namely  in  a  and  9>^  but  whofe  true  Places  are 
A  and  5,  sindAEB  theiParallel  of  the  Pheno- 
menon defcribed  by  the  firft  Amotion.  Upom 
the  fame  Pole  P,  thro'  a.,  defcribc  another  Cir- 
cle aCy  and  the  portions  Jct^BCoi  the  Verticals 
intercepted  between  them  (hyFrop.  13.  B,2... 
Spbar.  of  Theodofius)  are  eqiml ;  and  therefore : 
C/2is  either  the  fum  or  difference  of  the  Paral- 
laxes Jcty  Bi2.  And  to  find  it  let  the  great  Cir- 
cles P«,  FCy  be  imagined  to  be  drawn.  In  the 
Triangle  Zctp^  ZP  the  complement  of  the 
Height  of  the  Pole,  Za,  the  obferved  diflance 
of  the  Phacnomenon  in  a  from  the  Vertex  Z, 
and  the  Angle  contained  «, 2  P,  from  the  Azi- 
muth, known  by  obfervation,  being  given, 
you  will  find  aP,  to  which  the  arc  CP  is  equal. 
Again  in  the  Triangle  PZC,  two  Sides  PZ, 
FC  being  given,  together  with  the  Angle  FZ  C, 
ZC  will  alfo  be  known,  whofe  defet^t  or  what 
it  wants  of  the  obferved  Arc  Z/g,  isC/g  the 
fum  of  the  Parallaxes  in  the  places «  and  /s,  when 
TZ  exceeds  Pet;  or  their  difference,  when  FZ 
is  lefs  than  P*.  But  in  both  cafes,  when  over 
and  above,  the  ratio  of  the  Suies  of  the  faid  Pa- 
rallaxes is  given,  (namely  the  fame,  by  Frop. 
47.  with  the  ratio  of  the  Sines  of  the  apparent 
diftances  from  the  Vertex,)  both  the  Parallaxes  - 
agreeing  to  the  apparent  places  ec  and  ^  will  be 
found. 

Proposition    LIV. 

TJVO  Altitudes  of   the  fame  Fh^nomencn  ohfer^ 
'ved  at  the  fame  moment  of  time  in  the  com'- 
men  Az^lmuth  of  two  gi^ven  Flaces'upcn  the  Earthy  te'-^- 
find  the  Parallax  of  the  Phisnomenon,    ■-  '- • 

Let  the  two  Places  on  the  Earth  be  A  and  By 
\^Fig:  ^2  ]  vvhoFe  Vertices  are  Z  and  X^  the  comr 
mon  Azimuth  ZDX'^  and  let  the  true  Place  of.. 

the 
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the  Phaenomenon  be  D,  ji  the  place  obferved 
at  Ay  d  its  place  feen  at  B  :  And  firft  let  thefe 
points  be  between  the  Vertices  2  and  X  Th& 
fum  of  the  apparent  diftances  from  the  Vertex, 
(namely  of  the  arcs  ^^  and  Xd,)  known  by 
Obfervation,  exceeds  Z  X  the  diftance  of  the 
Vertices  (found  by  Prop,  24)  by  an  excefs  equal 
to  dJ'y  the  fum  of  the  Pai^allaxes.  But  if  the 
points  D,  dy  J"^  be  without  the  arc  Z  Xy  the  dif- 
ference of  the  apparent  diftances  from  the  Ver- 
tex (namely  2;  «A  ieffend  hy  Xdy)  exceeds  the 
diftance  of  the  Vertices  XZhy  excefs  equal  to 
the  diiFerence  <a  ^  of  the  Parallaxes  fought. 

Befides  the  fum  or  difference  of  the  Paral- 
laxes found  after  the  manner  defcribed  before, 
there  is  given  the  ratio  of  the  Sines  of  the  faid 
Parallaxes  ^  namely  the  fame  (  by  Vrof,  47. ) 
with  the  ratio  of  the  Sines  of  the  arcs  7j\  Xd 
of  the  apparent  diftances  from  theVertex.  From 
jwhence  (by  Prop,  5-1.)  in  both  cafes  the  Paral- 
laxes themfelves  will  be  found.  ^  E.  F. 

Proposition  LV. 
Ivm  two  altitudes  of  a  Phenomenon  ohfer'ved 
\J[  at  given  Places  on  the  Earthy  the  fame  moment 
f  timey  even  ivithout  the  common  Az,imuthy  to  find 
he  Parallax  of  the  Phenomenon, 
The  Longitudes  of  the  Places  being  given,the 
ime  moment  of  time  neceffary  for  the  making 
le  Obfervation  in  the  two  Places,  is  expreffible 
>y  the  number  of  Hours  reckoned  from  Noon 
)r  Midnight  refpedively,  and  their  difference 
s  equal  to  the  difference  of  Longitudes  turn'd 
nto  time,  the  more  Eaftern  Place  reckoning 
aore  hours ;  which  is  determined  during  the 
Dbfervation  in  the  preced.  when  the  Phseno- 
aonon  is  found  in  the  common  Azimuth,  un- 
sG  both  Places  be  in  the  Equator.    Let  XZ 
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[Fig-.  33.]  be  the  common  Azimuth  of  the  two 
Places  upon  the  Earth,  whofe  Vertices  are  X 
andZ;  from  which  at  the  fame  moment  of 
time  (tho' expreffed  differently,)  letthePhaj- 
nomenon  be  obferved,  whofe  true  place  let  be 
D;  and  its  place  feen  from  that  Place  whofe,  ^ 
Vertex  is  X  be  dy  from  the  Place  whofe  Ver- 
tex is  Z  be  cT.  In  the  Triangle  XD  Z,  the 
angles  X  and  Z  being  given  (  contained  be- 
tween the  common  Azimuth  of  the  Places  and 
the  obferved  Azimuths,)  and  the  Side  XZ  the 
diftance  of  the  Vertices  (found  by  Trop,  24.  j  th^ 
Arcs  XDy  ZD  may  be  found,  and  they  fub^ 
traded  from  Z^^  Z  ^  obferved,  leave  Dd,  D^ 
the  Parallaxes  fought,  ^  E.  K 

Proposition   LVL 

TO  find  very  exaBly  the  Farallax  of  a  Vhano^^ 
menofiy  by  a  method  not  much  different  froni 
the  two  foregoing y  by  the  help  of  fome  neighbouring 
Fix^d  Si^ar, 

Since  the  Phenomenon  whofe  Parallax  is 
fought,  is  in  the  common  Azimuth  XDZ  [F/jj. 
34.]  of  the  two  Places  on  the  Earth  pitched  up- 
on for  this  purpofe,  whofe  Vertices  are  X  and  Z; 
let  it  be  obferved  with  fome  neighbouring  Fix  d 
Star  ;  and  let  S  be  the  Place  of  the  Fix  d  Star, 
d  the  Place  of  the  Phasnomenon  obferved  at  the 
|)lace  below  X;  confequently  in  this  Obferva- 
tion  there  are  given  the  arc  Xd  the  apparent 
diftance  of  the  Phsenomenon  from  the  Vertex, 
the  arc  Sd  the  diftance  between  the  Phsenome- 
non  and  the  Fixd  Star,and  the  angle XJS  con- 
tained between  it  and  the  common  Azimuth. 
At  the  fame  moment  of  time  from  the  place 
below  Zy  where  the  apparent  place  of  the 
Phenbmenon^is  J",  lee  ZJ",  S  J"  and  the  angle 
5  ^  Z  be  obferved :  And  tho'  the  arcs  Xd,  Z  ^ 

can't 
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can't  beobferved  exa(aiy3(becaufe  there  is  need  of 

a  Quadrant  to  meafure  them;)  yet  they  may  do 

for  our  purpofe  :  But  if  they  could  with  perfe<5fc 

accuratenefs,  the  Parallax  of  the  Phaenomenon 

would  (by  Frop.  ^4.)  immediately  appear.  Not- 

withftanding  the  arcs  dSy  J^S  and  the  angles 

at  d  and  ,f\^  may  be  obferved  very  accurately, 

by  projeding  the  image  of  the  Phsenomenon 

and  neighbouring  Fix'd  Star  5,  by  the  help  of 

Speculums  or  Lens  upon  a  Plane,  upon  which 

}  a  right  line  is  drawn  reprelenting  the  common 

J  Azimuth  XZ;  and  being  in  the  place  of  its 

limage/if  it  fliould  projed  any;)  as  is  evident  to 

any  one  acquainted  withOptics  andAftronomi* 

cal  Obfervations.    Therefore  in  the  Triangle 

[dSJ'i  the  fides  SJ'ySd  with  the  angles  fub- 

tended  by  them  J  and  cH  being  given,  the  Bafe 

\dJ^  will  be  found,  which  is  the  fum  of  the  Pa- 

allaxes ;  from  whence   and  the  ratio  of  the 

Sines  of  the  Segments  </iD,  JD^  (D  being  fup- 

pofed  to  be  the  true  Place  of  the  Phasnomenon,) 

amely  the  fame  with  the  ratio  of  the  Sines  ZcT, 

d  of  the  apparent  diftance  from  the  Vertex: 

'^yFrop,^j,)thQ  Segments  themfelves  Dd^DS"  the 

arallaxes  fought,   will  (  by  Vrof.  ji.)  becomes 

iiown.   Much  after  the  fame  manner  the  difFe- 

nces  of  the  Parallaxes  may  be  found,  and  from 

nee  the  Parallaxes  themfelves  (by  the  faid 

Lemma,)  if  D,  ^,  cA^  be^ichout  XZ,  but  yet  in 

"he  continuation  of  it.     If  the  true  Place  D 

'■_Fig,  35-.]  of  the  Phenomenon  be  without  the 

|:ommon    Azimuth    XZ  of    the  Places,    the 

Ifame    things  being  expreffed   the  fame  way 

IS  before,  thro*  the  Vertices  X  and  Z  and  the 

xfpedive  apparent  Places,  let  the  Vertical  Cir- 

:les  Xdy  Z  Ji  be  drawn,  whofe  interfedion  is 

he  true  Place  D  of  the  Phaenomenon.    Draw 

ilfo  thro'  Sy  the  place  of  the  Fix  d  Star,  the 

Ver^ 
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Verticals  X5,  Z  5,  and  join  the  points  5,cr,i 
by  the  great  Circles  S  dy  SJ'y  dj'.  Let  the 
Obferver  below  Xy  obferve  accurately  (befides. 
the  arc  Xd)  the  angles  XdSy  XSd  and  the  Side 
SDy  either  by  the  method  infinuated  above,  or 
any  other  more  exad  ;  in4ike  manner  let  the 
Obferver  below  Z  (befide  Z^)  do  to  the  Angles 
Z  cT  5,  ZSJ"  and  the  Arc  5  J^-  Befides,  the  ha- 
bitations  being  given  (by  Prop,  24.)  ZXis  given, 
and  from  the  fituation  of  this,  by  the  Obferva- 
tion  of  the  Fix  d  Star  5,  the  angles  Z  XS,  XZS, 
are  had;  from  whence  the  Angle  XSZ  will 
be  known,  which  taken  from  the  fum  of  XS  d, 
ZSJ^y  will  leave  dSJ",  from  which  and  the 
fides  Sd,S<^y  being  known,  the  angles  S^<^,  SJ^d 
and  the  fide  dJ"  are  found.  But  SdX^  5«A  Z, 
were  known  by  Obfervation  ;  confequently  the 
others  Dd<^y  DJ'd  are  known,  by  which  and 
the  fide  dJ"  known  in  the  Triangle  D  J/,  the 
fides  Dd,D  '^y  the  Parallaxes  fought,  are  found. 

Proposition  LVII. 

TWO  Ohfer'vations  of  a  fixd  Vhanomenony  that, 
isy  one  that  has  only  a  diurnal  motiony  being 
given y  to  find  its  Farallax, 

Let  EC  LI  [Fig.  ;6.]  reprefent  the  Ecliptic, 
j^  the  true  place  of  the  Phenomenon,  intirely 
tix  d  in  regard  of  the  Ecliptic.  And  in  the  one 
Obfervation  let  Z  5  L  be  a  Vertical  Circle,  in 
which  Z  is  the  Zenith,  and  /g  the  apparent 
place  of  the  Phaenomenon ;  in  the  other,  let 
X.BL  be  a  Vertical,  X  the  Zenith,  C  for  the 
Vertical  point  may  be  confidered  as  moved  in 
regard  of  the  Ecliptic  unmoved,  as  well  as  the 
Ecliptic  in  refped  of  the  Vertex  unmoved,  and 
indeed  more  properly ;  )  and  h  the  apparent 
place  of  the  Pha^nomenon.  From  the  firft  Ob- 
fervation (by  the  P/oblems  of  ^he  Firft  motion 

con- 


Flate     7  ,   Book 


Book II.      of  AsTRONbMY.     349 

conftruded  before,)  you  may  determine  the 
peine  L  of  the  Ecliptic,  where  the  Vertical 
paffing  thro*  B  meets  the  Ecliptic ;  and  the  arc 
Z  Ly  name.y  a  portion  of  a  vertical  Circle,  in- 
tercepted between  the  Zenith  and  the  Ecliptic  ; 
and  the  angle  ZLE  contained  between  the  faid 
Vertical  and  the  Ecliptic.  And  in  like  manner 
in  the  fecond  Obfervation  of  the  Phasnomenon 
in  ^,  the  point  of  the  Ecliptic  C,  the  arc  XC, 
and  the  angle  XCL  will  be  known.  There^ 
fore  in  the  Triangle  BCLy  the  angles  EC  L, 
BLC  being  given,  and  the  fidQ  CL  that  lies  be- 
tween them  (namely  the  diftance  of  the  known 
Jjoints  in  the  Ecliptic,)  the  fides  BL^BC  will 
be  known,  which  taken  from  the  arcs  found 
before  ^L,  ZC,  will  leave  ZBy  XB.  And 
thefe  again  taken  from  z(^y  Xb^  the  known  ap- 
parent diftances  from  the  Vertex,  leave  B  {^, 
B  h  the  Parallaxes  of  the  Phaenomenon  agreeing 
to  the  moments  of  the  obfervations. 

Proposition  LVIII.    Lemma. 

T  ET  there  he  two  rectilineal  Triaf2glesy  A  B  C, 
I  J  DEF  [Fig.  57.]  having  the  Angles  ABC, 
D  E  F  given  ;  and  let  the  ratios  of  AB  to  D^, 
AC  to  D  F,  and  B  C  to  E  F,  ^g  given :  To  find 
hoth  Triangles  from  the  fide  A  B  given. 

Make  the  angle  GBC  equal  to  DEF,  and 
take  EG  fuch,  as  that  the  ratio  of  B  A  to  BG 
may  be  equal  to  the  ratio  compounded  of  the 
given  ratios  of  BAto  E  D^  and  EF  to  BC, 
which  is  done  by  taking  B  G  equal  to  a  fourth 
proportional  to  £  F,  JB  C  and  E  D.  Then  in 
B  C  given  by  pofition,  chufe  fuch  a  point  C,  as 
that  the  ratio  of  the  lines  conneded  A  C^  GC  is 
equal  to  that  compounded  of  the  given  ratios  of 
-^  C  to  DFy  and  E  F  to  B  C,  which  may  be 
done  as  before.    Then  let  JB  G  be  to  B  H  in 

the 
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the  ratio  of  -B  C  to  E  F,  and  let  HI  be  paraU 
lei  to  G  C :  I  fay  the  Triangles  AE  C^  B  H I^ 
are  thofe  (ought. 

'Tis  manifeit  from  the  Conftru6tion,  that  the 
ratio  of  B  C  to  J5  /,  is  equal  to  the  ratio  of 
Be  to  E  F;  and  that  the  Angles  ABC^  HBI, 
are  equal  to  the  given  ones.    Befides,  the  ratio 
of  ^  ^  to  5  G  is  compounded  (by  conftrudion) : 
of  the  ratios  of  ^  5  to  E  D  and  EFto  BC:  But 
the  ratio  of  A  B  to  BG,  is  compounded  of  the 
ratio  of  AB  to  BHy  and  of  the  ratio  of  jBH  to  i 
BGy  or  E  F  to  BC^   and  therefore  AB  has 
the  fame  ratio  to  BH  as  it  has  to  ED.    Again^, 
the  ratio  of^^C  to  C  G  (by  coriftrudion)  is  com^ 
pounded  of  the  ratio  of  ^G  to  D  Fy  and  of  the  : 
ratio  of  E F to  JB C,  or  HItoGC:  But  the  ra- 
tio of  ^C  to  CG  is  compounded  alfo  of  the  ra- 
tio of  AC  to  HI  and  H^  to  GC-y  and  there* 
fore  A  C  has  the  fame  ratio  to  //I  as  it  has  to 
DF.  Therefore  the  Triangles  ABC,  BHI,  hava 
the  conditions  required. 

Proposition  LIX.    ITemma* 

THE  ratio  of  the  ^^Ines  of  the  Arcs  AB,  CD^" 
[Fig.  58.]  belonging  to  a  given  Circle y  and 
the  ratio  of  the  Sines  of  the  Arcs  taken  aivay  Pi,^l 
C  F,  and  the  arcs  remaining  E  B,  F  D  being  gi-^ 
tjen  I  to  find  the  whole  arcs  and  thofe  taken  aivaj^ 
AB,  CD,  AE,  CF. 

In  Circles  equal  to  the  given  ones,  let  there  : 
befuppofed  to  be  taken  the  arcs  GX,  Lff,  IM^ 
MK  refpedively  the  doubles  of  AE,  E  By  CF^ 
FD:  Wherefore''  GLH,  lA^K  will  be  refpe^ 
dively  the  doubles  of  A  By  CD.  Compleat 
the  redilineal  Triangles  LGHy  MIKy  in  which 
are  given  the  ratio  of  GLto  lAf,  the  fame 
with  the  given  ratio  of  the  Sine  of  the  arc  ^E, 

t0 
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to  the  Sine  of  the  arc  C  F;  the  ratio  of  LH  to 
MKy  the  fame  with  the  ratio  of  the  Sines  of  the 
arcs  given  E  B,  FB;  the  ratio  of  GH  to  IK^ 
which  is  the  fame  with  the  given  ratio  of  the 
Sines  of  the  arcs  AB,  CD.  There  are  alfo  gi- 
ven the  angles  LGH,  MIK  infifting  upon  the 
known  arcs^  and  therefore  (by  the  i>vcc.Trop.) 
the  angles  LHGy  MKI  will  be  known,  and 
from  thence  the  arcs  G  L,  I M^  and  their 
halves  AEy  CF:  But  the  arcs  themfelves  E  B^ 
FD  are  given  ^  therefore  the  wholes  AB^  CD 
are  alfo  known. 

And  after  the   like  manner,  the   ratio  of 

the  Sine  of  the  whole    arc  to   the   Sine  of 

the  arc  taken  away,  and  the  remaining  arc 

itfelf  being  given,  the  whole  arc  and  the  arc 

taken  away  may  be  found.    For  fuppofe  GLH 

I  the  double  of  the  whole  arc,  and  G  L  of  the 

!  arc  taken  away  ^  from  whence  you  have  L  H 

Rouble    the  remaining  arc.       Conned  G  H, 

\GLy  LHy  and  in  the  Triangle  LG  H,  there 

Us  given  the  ratio  of  the  fides  G L^  GH;  the 

ifame  with  the  given  ratio  of  the  Sines  of  the 

Iwhole  arc  and  that  taken  away :   The  angle 

%G  H  is  alfo  given,  infifting  upon    the  gi« 

Iven  arc  L  H^    And    therefore  (  by  41.  of  the 

ip^?^   of  Euclid y)    the  angles  G  L  Hy   GHLy 

late  given;  and  therefore  the  arcs   on  which 

Ithey  ftand,    'viz,  the  complement  of  the  arc 

la  LH  to  the  whole  circumference,  and  the 

[arc  GL;  and   confequently  G  Z.  H  and  G  L 

themfelves,  and  their  halves,  namely  the  arcs 

'^•ight. 
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Proposition  LX. 

TJVO  Altitudes  of  a  Vhanomenon  not  altering  its 
Declination^    and  the  correfponding  Az^imuths 
being  given^  to  find  its  Tarallax, 

In  two  obfervations  of  a  Fix'd  Star  five 
things  may  be  given ;  namely  the  two  Altitudes, 
two  Azimuths,  and  the  Time  between  the  ob* 
fervations ;  from  any  four  of  which  the  Paral- 
lax may  be  found,  from  whence  arife  thefe  three 
following  Problems. 

For  the  folution  of  the  firft,  letP  [%.  :;9.J 
f  eprefent  the  Pole ;  L  the  true  place  of  the  Phas- 
jnomenon ;  and  in  one  of  the  obfervations  let 
X  A/ be  the  Vertical  Circle,  and  A/ the  place  of 
the  Phasnomenon  obferved  in  it,  and  therefore 
JL  M  the  Parallax  ;  in  the  other  let  L  N  be  th© 
Vertical  Circle  paffing  thro'  L,  and  LN"  the  Pa- 
rallax of  this  obferration.    Let  the  great  Cir- 
cles PMy  FNy  NM  hQ  fuppos'd  to  be  drawn. 
From  the  Altitudes  and  Azimuths  obferved,  and 
the  Height  of   the  Pole,   the  Arcs  ?M,  PNj 
the  apparent  diftances  from  the  P,  and  the  An- 
gles FMLyPNL  contained  between  the  Circles  of 
Declination  and  the  Verticals  are  known :  There  \ 
is  alfo  given  the  ratio  of  the  Sine  of  the  Paral-  j 
lax  LMto  the  Sine  of  the  Parallax  L  N ;  name-  '■ 
ly,  the  fame  (by  Prop.  47.)  with  the  ratio  of  the 
Sines  of  the  diftances  obferved  from  the  Ver- 
tex.   There  are  therefore  given  the  ratio  of^ 
the  Sines  of  the  whole  Angles  PMNy  PNM, 
namely  the  fame  with  the  ratio  of  the  Sines  of 
the  known- Arcs  FN^  FM  -y  alfo  the  ratio  of  the 
Sines  of  the  Angles  LAIN,  LJNTM taken  away, 
the  fame  with  the  ratio  found  before  of  the  arcs 
LNy  LM'y  as  alfo  the  remaining  Angles  F  ML 
FML  found  before  by  Calculation.    Therefore  . 
the  Angles  themfelvesj^ilf  N,  PNA/,  LMN, 

^  LNM. 
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tNM  will  be  known,  (by  the  preced.  Lemma.) 
Again,  in  the  Triangle  MP  Nj  the  Sides  PM^ 
fN  being  given,  with  the  Angles  fubtended  by 
them^  the  Bafe  MJST  is  foLind.  And  laftly,  in 
the  Triangle  LMNy  the  Bafe  MNy  and  the 
Angles  adjacent  LMNy  LN M  being  given^ 
the  Sides  LM^  LN  the  Parallaxes  fought  will 
be  found. 

If  one  of  the  Obfef  vations  was  made  when 
:he  Phenomenon  was  in  the  Meridian,  then 
)ne  of  the  Triangles  PML^  or  PNL  is  changed 
nto  an  Arc,  and  the  Calculation  becomes  much 
impler. 

But  if  the  Ph^enomenon  L  change  its  Deeli- 
lation,  and  that  equably,  (which  will  be  done 
n  one  revolution  of  the  Earth,  or  thereabouts,) 
ve  may  ftill  find  its  Parallax,  by  correcting  the 
)laces  of  the  Phenomenon,  by  a  proportional 
)art  of  the  Declination  thus:  When  the  Pheno- 
nenon  firft,  next  after  the  firft  Obfervation,  ar- 
ives  at  the  Azimuth  LM^  obferve  its  apparent 
Utitude,  which  will  be  different  from  that  ob- 
erved  the  Day  before,  otherwife  it  would  re^ 
lain  the  fame  declination.  Let  the  difference 
ic  A,  Call  the  diftance  of  time  between  the 
iwo  firft  Obfervations  made  in  A/ and  N^  B; 
nd  the  time  between  the  two  Obfervations  of 
he  Phenonlenon  in  the  Azimuth  L  M,  C.  And 
T  the  difference  of  the  aforefaid  Altitudes  J^ 
e  an  excefs,  to  the  apparent  Altitude  in  AI 

dd  —  ^  but  if  this  difference  be  a  defed,  fub- 

rad  it  from  the  fame.  This  fum  or  difference 
i^ill  be  the  corrected  apparent  Altitude,  which 
lUt  in  the  preceding  Calculation  (inftead  of  tha 
ormer  Altitude  in  LM)  gives  the  Parallaxes 
ought  of  a  Phenomenon  that  does  not  change 
ts  declination. 

A  a  P  R  o^ 
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Proposition  LXI. 

Given  two  Altitudes  of  a  Vhanomenotiy  with  th 
Jz,in^utb  of  one  of  them^  and  the  Time  be 
t7veen  the  two  obfervationsy  to  find  the  Parallax  c 
the  Fhanomenon, 

Let  P  be  the  Pole,  (Fig.  40.)  E  the  true  plac 
of  the  Phatnomenon,  F  the  apparent  plao 
when  X  is  the  Zenith,  and  H  when  2  is  th 
Zenith.  There  are  given  the  two  apparent  di 
fiances  from  the  Vertex,  namely  XF^  Zh 
and  the  Angle  P.YF,  fince  one  Azimuth  is  gi 
ven,  and  the  Azimuth  XP  Z  is  known  by  th 
time.  In  the  Ifofceles  Triangle  PX2,  the  e 
qua!  Sides  P  X,  P  Zy  and  the  Angle  XP  2  be 
ing  given,  PXZy  XZ  are  found:  And  line 
PXF  is  given,  Z\XF  is  alfo  found.  Therefor 
in  the  Triangle  X2  F,  X2,  XF,  2ZFaregi 
ven  ^  and  therefore  ZF^  Z  FX  become  knowr 
Therefore  the  ratio  of  the  Sine  of  the  angl 
ZFHy  to  the  Sine  of  the  angle  ZHF  is  given 
namely  the  fame  with  that  of  the  Sine  of  tb 
arc  ZHy  to  the  Sine  of  the  arc  ZF^  and  tb 
ratio  of  the  Sine  of  the  angle  ZHF  to  the  Sitt 
of  the  angle  EFH,  or  the  Sine  of  the  arc  £. 
to  the  Sine  of  the  arc  HF,  or  the  Sine  of  tb' 
arc  XF  to  the  Sine  of  the  arc  ZH.  There! 
fore  the  ratio  of  the  Sine  of  the  angle  Z  FHt\\ 
the  Sine  of  the  Angle  EFH  is  given;  and  the  dif 
ference  of  thofe  Angles  ZFE  is  alfo  givea 
and  therefore  (hyProf.  ^9.)  the  angles  themfelve 
ZFHy  F  FH  become  known ;  and  confequentl^ 
E HF  alfo.  And  laftly  in  the  Triangle  EFH 
HFy  EHFy  EFH  being  given,  the  Parallaxe 
fought  FF,  EH  become  known.    ^  K  F. 
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Proposition   LXIL 

Glvm  tivo  Azimuths  of  a  Vhanomenoity  toj^ether 
with  the  Altitude  of  one  of  them^  and  the 
Time  between  the  two  ohfewations  of  the  A^if^iUth^ 
to  find  the  Tar  all  ax  of  the  Vhanomenon, 

The  fame  things  being  fuppofed  in  the  fame 
Diagram,  after  the  fame  manner  may  V  XZ 
equal  to  P  ^  X,  and  Z  Z  be  found.  The  tWd 
Azimuths  being  given,  the  Angles  VXE^  PZ^ 
are  given,  and  therefore  the  angles  XZE^ZXE 
become  known  •  by  which,  together  with  XZ^ 
may  XE  be  found.  But  becaufe  the  Altitude  is 
given,  its  complement  XF  is  alfo  given,  and 
therefore  E  F  the  Parallax  fought  will  become 
known.    ^  E.  F, 

If,  in  the  cafe  of  either  of  thefe  t^roblems^ 
the  Phsenomenon  has  any  motion  after  an  in« 
?rire  revolution  of  the  Earth,  when  the  Zenith 
X  returns  to  the  fame  point  of  the  Heavens,  the 
Phenomenon  will  be  obferved,  not  in  F(as  be^ 
forej  but  in  fome  other  place,  for  inftance,  G  | 
ind  FGy  XFG  become  known  by  obfervationi 
Make  therefore,  as  a  whole  Circle  is  to  FG,  fd 
js  the  Angle  XPZ  to  FLy  and  draw  a  great  Cir- 
^3e  XL  cutting  Z  H  in  M,  In  the  Triangle 
BFLy  XFy  FLy  XFL  being  given,  XL,  FXL 
;ire  alfo  given^  and  therefore  ZXL  is  alfo  given* 
Laftly,  taking  the  points  L^  M  inftead  of  P 
pd  jE,  HM  the  Parallax  of  the  Phaenomenon 
\my  be  found  as  before.  ^  E.  K 
f  There  are  other  forts  of  Obfervations,  where- 
by the  Parallax  of  a  Phenomenon  m^y  be  Geo- 
^netrically  determined  ,•  as  its  ingrefs  into  the 
^  hadow  of  a  Planet ;  and  a  Conjuntaion  of  Bo- 
lies  feen  between  the  Phenomena.  But  (ince 
hefe  things  do  not  belong  to  the  Parallax  con- 
dered  in  general,  they  more  properly  belong 
0  another  place  in  the  following  Book$^ 

A  a  3t  PRQ- 
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Proposition   LXIII. 

THE  place  of  a  Vhanomenon  in  refpeB  of  ttn 
Ecliptic^  and  the  Tarallax  of  a  given  Altitude^ 
as  alfo  the  flace  of  the  Sun,  and  the  hour  of  thu 
Day  being  given ,  to  find  the  Tarallax  of  Longitudi 
and  Latitude  of  the  Vhanomenon,  t 

Let  KH  be  the  Horizon,    C%-4i-)SCS 
the  Ecliptic,    and  ZCV  a  Vertical  Circle  paf- 
fing  thro'  the  Phsenomenon.    Lee  A  be  the  true 
place  of  the  Phaenomenon  in  it,  <?  the  apparent, 
and  therefore  A  a    the  Parallax  of  Altitude 
Thro'  A  and  a  draw  the  Circles  of  Latitude  A  J5 
aV^  meeting  the  Ecliptic  in  B  and  h.    Now  (b)! 
Trop.  36.)  there  are  given  the  Angle  VC  By  and 
aresFy^,  FC,  and  therefore  their  difference  ^  C 
But  becaufe  the  Parallax  of  a  certain  given  Al- 
titude is  given,  the  Parallax  of  the  given  Altitude 
V'A  will  alfo  begiven(byProp.47.)  namely  the  arc 
A  a.    Confequently  the  fum  or  difference  C  a 
of  thefe  arcs  CA  and  ^^^  are  given.    Therefon 
in  the  Triangle  aCh^  befides  the  right  Angle  ai 
Ir,  there  are  given  the  Side  ^C,  and  Angle  aCh 
from  whence  the  Stdes  Ch,  ah  will  becom; 
known.     But  becaufe  the  place  of  the  Ph^no 
menon  A  in  refped  of  the  EcHptic  is  known 
and  the  point  of  the  Ecliptic  (by  Vrop.  %G^  al 
fo  known,  the  arcs  A  B  and  C  B  are  known 
Therefore  the  difference  between  a  h  and  A  B 
namely    the    Purallax    of    Latitude  become 
known  ^  and  the  difference  between  C^  andc£ 
namely  the  Parallax  of  Longitude  alfo.    ^E.J 
The  converfe  of  this  Problem  is  folved  aft^ 
the  fame  manner  ^  for  if  the  Parallax  of  Lon 
gitude  J5^,  or  the  Parallax  of  Latitude,  the  dii 
ference  between  ha  and  B  A,  be  given,  Ch  0 
ah,  (from  the  Place  of  the  Phenomenon  in  re 
fpe^ft  of  the  Ecliptic  already  given^  and  fror 

thenc 
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thence  the  arcs  CB  and  BJy)  will  be  given. 
And  fiuce^  befides  the  Angle  at  C  in  the  right 
angled  Triangle  Cha  being  given,  C a  will  be 
given,  and  confequently  FayfmQQFC  (by  Pre/).  ;6.) 
is  already  given :  But  VA  is  known  |   therefore 
the  Parallax  of  Altitude  A  a  will  not  be  un- 
known.   If  the  Ph^nomenpn^  as  the  Sun,  be 
in  the  Ecliptic,  the  cafe  is  much  more  fimple. 
But  becaufe  the  Parallax  of  the  Celeftial  Bo-^ 
dies,  even  the  neareft,  is  a  pretty  fraall  Arc^ 
therefore  fome  conftrud  this  Problem  of  find- 
ing the  Parallax  of  Longitude  or  Latitude  from 
the  given  Parallax  of  Altitude,  more  expediti- 
oufly  thus:  Thro' ^  imagine  the   line  A^tQ 
be  drawn  parallel  to  Eh,  Therefore  in  the  fmaU 
Triangle  A^ay  which  is  looked  upon  as  redili- 
neal,  there  being  given,  befides  the  right  angle 
at  ^y  the  angle  (^Aa  equal  to  AC  By  and  one 
of  the  Sides  y^^  the  Parallax  of  Altitude,  the  o- 
ther  Sides  ^^  the  Parallax  of  Longitude  and 
ra  ^  the  Parallax  of  Latitude  are  found,  by  the 
bare  refolution  of  a  plane  Triangle. 

But  if  not  the  abfolute  Parallax  of  the  Phas- 
nomenon  be  given,  but  the  relative  in  refped 
of  another  more  remote  Phasnomenon,  that  is, 
the  excefs  of  the  Parallax  of  the  nearer  Phae- 
itiomenon  above  the  Parallax  of  the  more  re- 
mote ;  fuch  an  excefs  in  a  vertical  Circle  being 
given,  the  excefs  in  regard  of  any  other  Circle 
will  alfo  be  given. 

For  the  abfolute  Parallax  of  a  Ph^enomenon, 
is  the  excefs  of  the  Parallax  of  the  Ph^nome- 
*iion  itfelf  above  the  Parallax  of  the  Circle  of 
ii  Sphere,  which  is  nothing,  becaufe  it  is  fup- 
iifofed  infinitely  diftant. 

\  Aa  I  SscTi- 
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Section  VIII. 
Concerning  the  Refradion  of  the  Stars, 


Proposition  LXIV»  /[ 

ON  the  account  of  an  Atmofphere,  'which  h 
denjer  than  the  C£thery  eircumfufed  about  thf 
JEarth^  each  Star  appears  more  elevated  above  the  Ho^ 
fiz^on  in  the  fame  Vertical  Circle^  than  it  woM^ 
afpear  were  there  no  Atmofphere  at  all* 

Let  T'reprefent  the  Earth  (in  Fig,  42,)  round 
whiqh  the  Atmofphere  AED  is  diffufed  ;  S  any 
Star  I  O  the  Spedator,  placed  on  the  Surface  ofc 
the  Earth.    If  there  were  no  Atmofphere  at  all,l 
or  if  it  were  equal  in  denfity  to  the  circumfufedi 
^ther^  the  Rays  of  Light  would  reach  diredly 
from  S  to  O,  nor  would  they  ever  be  bent  into 
a  Curve  line  ^  becaufe  in  an  homogeneous  Me-^: 
dium.     But  if  the  Rays,   after  their  paffage 
thro'  the  iEther  S  ^,  enter  into  a  denfer  Atmo.. 
fphere  in  A,  they  will  be  refracSled  towards  the 
Right  line  ^A  P,  perpendicular  to  the  Surface  ^ 
of  the  Atmofphere  at  A ;    as  is  evident  from 
Dioptrics*    But  it  is  not  probable  that  an  Atmo^ 
fphere  very  confiderably  denfer  than  the  iEther 
is  immediately  under  it,  and  then  continued  all 
along  to  the  Earth  of  the  fame  denfity  ;  or  that 
all  the  Refradion  of  the  Rays,  that  proceed 
from  any  Star,  is  perform'd  in  that  fingle  Sur- 
face which  feparates  the  iEther  from  the  Atmo^ 
fphere,  (as  it  is  commonly  believed,)  the  porti- 
ons of  the  Ray  from  S  to  the  outmoft  Surface 
of  the  Atmofphere,   and  from  thence  to  the 
Earth,  continuing  all  the  while  Right  lines  ,*  as 
with  us  a  Ray  palling  out  of  Air  into  Water  h 

only 
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only  bent  at  the  Surface  of  the  latter^  being 
ftrait  botfi  before  and  afterwards.  The  Atmo- 
fphere  rather  feems  to  extend  itfelf  to  a  very 
great  height,  and  to  be  rarer  in  its  higher  and 
more  remote  parts,  and  denfer  in  the  lower ; 
on  which  account  a  Ray  proceeding  from  a 
Star  5,  fufFers  fome  Refradion  towards  the  per- 
pendicular, in  a  diftance  from  the  Earth  much 
greater  than  is  commonly  believed  ;  and  in  its 
3rogrefs  (as  at  By  C  &c.)  it  is  refraded  the^ 
fame  way,  becaufe  the  medium  of  the  Atmo- 
Iphere,  that  it  enters  into,  is  more  and  more 
ienfe,  the  nearer  it  comes  to  the  Earth :  And 
herefore  a  Ray  after  its  entrance  into  the  At- 
nofphere  (by  reafon  of  the  perpetual  refratfti- 
)n  at  the  Spherical  fuperficies  concentric  to  the 
^arth  of  a  continually  denfer  medium)  is  curved 
n  all  its  parts,  and  concave  towards  T,  But  an 
Eye  plac'd  at  O  fees  a  Star  in  the  laft  part  of 
he  Ray  ABCO  from  O  produc'd,  namely  in  a- ; 
■or  this  part  only  affects  the  Sight,  But  the 
oart  O  C  of  the  Ray  produced,  or  the  Right 
ine  touching  the  Curve  A  ECO  in  O^  namely, 
p  /r,  is  lefs  inclined  to  the  Horizon  of  the  Spe« 
^ator  HOy  than  the  Right  line  conneding  5 
md  O ;  becaufe  the  line  ABCO  is  concave  to- 
rA^ards  T:  And  therefore,  to  an  Eye  at  O  a  Star 
ippears  in  (t,  higher  above  the  Horizon,  by^ 
■  eafon  of  the  circumfufed  Atmofphere,  than  if 
:here  were  no  Atmofphere  at  all. 

Befides,  the  Curve  that  the  Ray  propagated- 
Dblique  thro'  the  Atmofphere,  puts  on,  is  in 
:he  fame  Plane  produced  thro'  the  Star  and  the 
Center  of  the  Earth.  For  in  Dioptrics  Yis  de- 
monftrated  that  the  former  part^  B  of  the  Curve 
,■  confifting,  as  it  were,  of  Right  lines)  is  in  the 
Plane  that  the  Right  lines  AS^  ^^Li  (becauie. 
•in  the  Plane  of  Infiedionj  j  that  is^  in  the  Plane 
A  a  4  pro- 
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produced  and  pafling  thro'  the  Star  S  and  Cen-» 
tQV  of  the  Earth  T;  for  (by  Trop,  y.  JS.  i.  Spber. 
Thmlof.)  the  Right  line  ^A  P  produced,  pafles 
thro'  the  Center  T;  and  its  fecond  part  EC  is 
in  like  manner  in  the  Plane  pafling  thro'  B  A^ 
^nd  the  perpendicular  thro'  B  ;  that  is,  in  the 
fame  Plane  with  the  former  :  and  fo  on  in  the 
other  parts  of  the  Ray  ABCO.  Therefore,  that 
intire  Curve  is  in  the  fame  Plane  produced,  paC. 
fing  thro'  the  Star  and  the  Center  of  the  Earth; 
and  therefore  the  Right  line  O  ^  touching  thq 
Curve,  (becaufe  a  fmall  particle  of  it  produced 
in  a  Right  line)  is  in  the  fame  Plane  :  But  this 
Plane  is  vertical  to  the  Obferver  O,  (for  it  paf- 
fes  thro'  the  point  O,  and  the  Center  of  the 
Earthj  therefore  the  Star,  by  reafon  of  the  Re-^ 
fradion  made  in  the  Atmofphere,  appears  in 
the  fame  Vertical,  but  higher  above  the  Horir 
zqn,    ^  E.  D. 

SCHOLIUM. 
It  appears,  from  the  demonftration  of  th^ 
preced.  Trop,  that  the  Refradion  is  the  fame^^^ 
whether  the  Star  be  nearer  the  Earth,  or  far- 
ther off  (for  inftance,  in /or  in  5,)  provided 
their  apparent  Altitude  above  the  Horizon  be 
the  fame:  For  in  this  cafe  the  Right  line  <rO  re- 
volving above  the  Axe  7*0,  reaches  to  the  ap* 
parent  place  of  f,  Befides,  'tis  probable  that 
the  Atmofphere  fpread  ^bout  the  Earth  does  not 
extend  it  felf  to  the  Moon,  much  lefs  to  the 
more  diftant  Stars  ^  andrtherefore  the  ftrait  part 
fA  of  the  line  SfAB C Q,  (before  it  begins  to 
be  bent  into  a  Curve  by  the  Atmofphere)  will 
graze,  upon  the  next  Star  /  And,-  confequently 
the  Ray  proceeding  from  it  (namely/^) is  bent 
in  the  Atmofphere  into  A  BCO^  after  the  like, 
nay,  af:er  the  very  fame  manner,  rs  S  A  pro- 
pas'ited  from  the  ipore  ^iftant  Star  ;  fince  it  is 

■  ^  ■  / ::         ;  au 


Book  II.      of  Astronomy.'     3^1 

all  one  (as  to  the  Refradion  made  in  the  At- 
mofphere)  whether  the  Ray  begin  from  5  or  /I 
Therefore  'tis  contrary  to  the  nature  of  Light, 
that  the  Rays  of  a  nearer  Star  Ihould  be  refra- 
<aed  otherwife  than  (all  other  circumftances 
remaining  the  fame)  that  of  a  more  diftant  one, 
'Tis  true  that  the  Angle  crO  S  is  greater  than 
the  Angle  ^Of^  but  the  diiFerence  of  them /O 5 
is  owing  to  the  expefs  of  the  Parallax  of  the 
nearer  Star  above  the  Parallax  of  the  more  di-« 
ftant  Star,  and  not  to  the  Refradioa.^ 

POPOSITION  LXV. 

THE  lower  Stars  are  more  ek^atedhy  reafon  of 
the  RefraBion  at   the  AtmoffherCy  than   the 
higher^  other  circumftances  remaining  the  fame. 

In  Dioptrics  'tis  demonftrated,  that  in  the 
fame  Mediums,  the  more  oblique  the  incidence 
of  the  Ray  isj  the  greater  the  Angle  between 
the  refraded  Ray  and  the  incident  Ray  produ- 
ced ;  that  is,  in  the  prefent  cafe  [Fi^.  4:5.]  that 
the  part  ^B  of  the  Ray  ABCOj  proceeding 
from  the  lower  Star  5,  contains  a  greater  Angle 
with  5-^  produged,  than  the  part  FG  of  the 
Ray  FGKO  proceeding  from  the  higher  R  does 
with  RF  produced ;  becaufe  5^^  is  a  greater 
Angle  than  RFL^  fuppofmg  that  LF  produced 
falls  upon  T.  After  the  like  manner  B  C  will 
contain  a  greater  Angle  with  J  B  produced, 
than  G  K  with  FG  produced,  and  fo  on ;  that 
is,  the  line  ABCO  is  more  curved  in  all  its  parts 
than  FGROm  its  correfponding  parts,  or  fuch 
as  are  equally  diftant  from  the  Earth.  And 
therefore  a  Right  line  touching  the  Curve 
-^iKCO  in  O  contains  a  greater  Angle  with  the 
Right  line  O  5,  than  a  Right  line  at  the  fame 
place,  touching  FGKO  with  the  line  OR.  The 

lower 
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lower  Star  therefore  is  more  elevated  by  the 
Refra^aion  than  an  higher.     ^  E.  D. 
COROLLARTi. 

The  Place  of  a  Phasnomenon  when  it  is  in 
the  Zenith  is  not  changed  by  the  RefraAion : 
For  the  Rays  in  this  cafe  falling  perpendicularly 
upon  all  the  Surfaces  of  the  Mediums,  of  which 
the  Atmofphere  confifts,  are  not  refracted  ;  but 
going  direcftly  to  the  Eye  in  O,  make  the  Phse- 
nomenon  appear  in  the  fame  Right  line  as  it 
would  appear  were  the  Atmofphere  away. 
And  for  the  fame  reafon  the  Eye  being  placed 
in  the  Center  T,  the  Refra<Si:ion  made  at  the 
Atmofphere  would  have  no  power  to  change 
the  apparent  place  of  the  Star ;  for  every  point 
in  the  Heavens  would  be  a  Zenith  to  it. 
C  O  R  O  L  LART   2, 

An  account  may  from  hence  be  given,  why 
the  Sun  or  Moon  appears  of  an  Oval  Figure 
near  the  Horizon.  For  fince  the  upper  Limb 
appear  but  a  little  more  elevated  than  it  fliould 
be,  and  the  lower  a  great  deal,  the  latter  by 
the  Refraction,  will  appear  to  approach  the  for- 
mer. And  therefore  the  ere<5l  or  vertical  Dia- 
meter of  the  Luminary  feems  contracted  or 
fliortened,  while  the  tranfverfe  or  horizontal 
one  is  not  fo,  becaufe  its  extremities  are  equal- 
ly elevated  by  the  Refraction.  For  the  fame 
reafon  the  diftance  of  two  Fix'd  Stars  by  ob- 
fervation  is  fenfibly  lefs,  ( if  it  be  meafured  by 
an  Inftrument,)  when,  both  being  in  the  fame 
Vertical,  one  of  them  is  nearer  the  Horizon, 
than  when  both  of  them,  by  reafon  of  their 
greater  Altitude,  are  free  from  all  Refraction, 
COROLLART^. 

On  this  account  it  is  alfo,  that  the  Sun  and 
the  other  Stars  rife  fooner  above  the  Horizon, 
and  fet  later,  than  they  ought^  according  to. 

their 
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their  places  determined  by  the  aforefaid  Me- 
thods. For  the  Ray  flowing  from  fuch  points 
of  the  Heaven  as  are  but  a  little  below  the  Ho- 
rizon,  are  fo  incurvattd  in  the  Atmofphere, 
that  the  Right  lines  touching  them  at  their 
extremities^  where  they  enter  the  Eye,  being 
produced,  are  above  the  Horizon.  For  which 
reafon  the  Moon  has  been  feen  to  be  ecHpfed, 
tho'  the  Sun  was  above  the  Horizon ;  whereas 
one  of  the  Luminaries  at  that  time  being  oppo- 
fjte  (by  Frop.  18.  B.  i.)  to  the  other,  and  above 
the  Horizon,  the  other  muft  neceffarily  be  be- 
!ov7  it.  'Tis  to  the  fame  Atmofphere  difFufed 
round  the  Earth,  that  its  Inhabitants  owe  the 
'  Sun's  fliining  to  them  longer  than  it  would  do 
were  there  no  Atmofphere;  and  that  when 
the  Sun  is  kept  from  inlightening  any  given 
Inhabitanilpby  reafon  of  the  Spherical  Surface 
of  the  Earth,  thick  darknefs  does  not  immedi- 
ately cover  him,  but  he  enjoys  a  Twilight  for 
a  confiderable  time,  the  Light  being  gradually 
extinguiftied. 

Proposition  LXVL 

TO  define  how  much  a  Star  af fearing  in  a  gi'ven 
Altitude  is  eh'vated  by  the  Refratlion ;  and  to 
wake  a  Table  of  the  Refratlion  of  the  Stars, 
r-  Chufe  a  Star  that  has  no  fenfible  Parallax  ; 
liamely  fome  one  of  the  Fix'd  Stars  that  is 
elevated  much  above  the  Horizon  of  the  Ob- 
ferver.  Let  ics  Place  be  determined  (by  Trop.26.) 
by  obfervations  made  when  it  was  elevated 
pretty  much,  and  therefore  when  it  was  out 
of  the  EfFeds  of  a  fenfible  Refraction.  Let  the 
time  be  marked  of  its  coming  afterwards  to  the 
given  Altitude,  either  afcending  or  defcending, 
and  find  then  by  Calculation,  the  Altitude,  for 
the  time  marked,  of  the  Star  (whofe  place  is 

known. 
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known,)  and  that  will  want  of  the  obferved 
Altitude,  as  much  as  the  Star  is  elevated  by  the 
Refradion  in  that  given  apparent  Altitude. 

After  this  manner  may  a  Table  of  the  Refra- 
<5i:ion  of  all  the  Stars  be  bell  conftruded,  if  the 
true  Altitudes  of  the  Fix  d  Stars,  agreeing  to 
the  times  exadly  reckoned  by  a  Pendulum 
Clock,  be  compared  with  the  Altitudes  of  the 
fame  Star,  in  the  fame  apparent  points  of  time: 
For  the  difference  between  the  true  and  appa-i 
rent  Altitude  is  the  Refra<5kion  agreeing  to  that 
Altitude.  And  fmce  the  Refrai^ion  of  a  Fix  d 
Star  at  the  greateft  diftance,  and  of  any  other 
Star  at  a  lefs  diftance,  is  the  fame,  in  the  fame; 
apparent  Altitude  (by  Schol.  Prop,  64.)  'tis  evi- 
jdent  that  a  Table  of  the  Refradion  of  all  the 
Stars  is  made.    ^E,F. 

SCHOLIUM.   i0^ 

If  the  Dioptric  denfity  of  the  Atmofphere 
were  known  in  any  given  diftance  from  the 
Earth,  or  the  ratio  of  the  Sine  of  the  Angle  of 
iocidence  to  the  Sine  of  the  refraded  Angle,  in 
the  paffage  of  a  Ray  thro*  its  Surface  concen- 
tric with  the  Earth,  whofe  diftance  from  the 
Center  is  known  ;  then  by  Geometry  you  may 
find  out  the  nature  of  the  Line,  into  which  the 
Ray  is  bent  by  reafon  of  the  continued  Refra- 
d:ion  of  the  Atmofphere.  Confequedtly^  th^ 
Angle  being  given  by  obfervation,  by  which  a 
Star  in  a  given  Altitude  is  elevated  more  than 
it  fhould  be  on  the  account  of  the  Refrac^lion, 
the  Angle  may  be  defined,  by  which  it  is  ele- 
vated in  any  other  Altitude  propofed  more 
than  it  ftiould  be,  the  Atmofphere  continuing 
the  fame  ,•  that  is,  a  Table  of  Refraction  may 
be  made  for  every  degree  of  a  Star's  Elevation. 
But  becaufe  our  ignorance  of  the  Law  of  Re- 
fradion  obferved  in  the  Atmofphere  hinders  all 

this 
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this,  'lis  better  to  make  the  Table  by  Obferva- 
tion,  as  in  the  preceding.     But  befides,  the  di- 
verfity  of  the  Atmofphere  in  different  places, 
and  the  change  of  it  in  the  fame  place,  on  the 
account  of  which  it  happens  that  the  fame  Ta- 
ble is  not  fitted  for  all  places,  is  an  impediment 
to  both  methods  of  making  a  Table  of  Refra- 
d:ion.    For  in  places  near  either  Poles  the  Re- 
fra(5fcion  is  greater  in  the  fame  diftance  from  the 
Horizon,  (as  is  well  known  from  the  obferva- 
tion  of  fome  Dutch  Men  who  Wintered  in  Nova 
Zemhla  t, )    and  irt  the  fame  place  at  different 
times  of  the  Year,  'tis  certain,  not  only  from 
the  obfervation  of  the  Dutchy  but  of  other  con- 
fiderable  Obfervers,  who  make  the  Winter  Re- 
fradion  greater  than  the  j^quinodial,  and  that 
again  greater  than  the  Summer  one,  and  form 
intire  Tables  of    Refradion  built  upon  this 
change.     But  the  hourly    change  of  the  Re^ 
fradion  is  demonflrated  by  the  Tops  of  Moun- 
tains being  fometimes  vifible  at  a  given  place, 
and  fometimes  invifible,  tho'  there  be  no  dark- 
nefs  or  mifl  between :  To  this  purpofe  alfo  do 
the  Experiments  mentioned  by  Hugens,  in  his 
Treatife  of  Lights  tend  and  ferve  \  namely  that 
the  lower  part  of  a  Tower  or  any  other  thing 
that  is  immorable  is  feen  in  the  Morning  and 
Evening,  but  the  upper  at  Noon  thro*  a  Tele- 
fcope  continuing  fix  d  all  the  while  ^  and  that 
at  the  fame  place,  fometimes  the  top  of  a  more 
remote  Tower  has  been  vifible,  rifing  above  the 
top  of  one  nearer,  and  fometimes  it  is  invifible. 
Now  all  thefe  things,  befides  the  hourly  change 
of  the  Refradion  of  the  Rays  in  the  Atmo- 
fphere, demonftrate  the  Curvity  of  them,  (from 
,  Itheir  nature,  as  was  ftiewn  above,)  fince  they  are 
propagated  obliquely  from  an  higher  to  a  lower 
place,  and  ^ice  verfa. 

It 
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It  muft  be  confeffed  that  all  this  change  of 
the  Refradion  is  made  within  pretty  narrow 
limits :  For  the  beforefaid  obfervations  of  the 
change  of  the  apparent  Altitude  of  the  Sun, 
Mountains  and  Towers  are  made  only  in  a  fmall 
Elevation  above  the  Horizon^  nor  do  they  reach 
much  beyond  three  degrees  above  it.  The 
Vici/Iitude  and  changeablenefs  near  the  Earthy 
of  Vapours  arifing  from  it,  as  alfo  of  Heat  and 
Cold,  by  which  they  are  rarified  and  condenfed, 
is  fo  great,  that  nothing  certain  can  be  laid 
down  about  the  denfity  of  the  Medium.  Be- 
Jides,  the  inclination  of  the  Rays  of  Light  is 
fo  very  oblique  at  their  incidence  on  the  At-- 
mofphere,  when  the  Phsenomenon  is  not  ele- 
vated above  three  or  four  degrees,  that  its 
place  is  changed  very  much  by  the  Refradion. 
Nay,  fo  denfe  yet  pellucid  a  Cloud  as  it  were 
of  Vapours  lies  fometimes  upon  the  Surface 
of  the  Earth,  that  to  an  Eye  placed  above 
without  it,  the  vifible  Objebts  below  it,  name-^ 
ly  the  very  low  ones,  continue  unfeen,  becaufe 
the  Rays  do  not  penetrate  the  Surface  of  the 
upper  and  rarer  Medium,  but  are  reflected  by 
it  downwards^  as  it  is  evident  from  Dioptrics, 
that  it  ought  to  be :  But  fuch  things  as  are  im* 
mediately  above  and  without  it,  namely  fuch 
as  are  a  little  higher,  befides  that  they  are  feen 
by  the  dired  Ray,  appear  alfo  inverted  by  a 
refledion  made  at  the  Surface  of  the  above-^ 
mentioned  Cloud,  juft  as  if  it  were  an  Hori- 
zontal Speculum.  But  thefe  things  neither  be- 
long to  this  place,  nor  direcSfly  to  Aftronomy. 
They  fhow  in  the  mean  while,  that  no  credit 
is  to  be  given  to  any  Table  of  Refradion  of 
the  Stars  below  the  third  degree  of  Altitude  ; 
nor  confequently  to  Obfervations  made  in  that 
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Altitude  for  determining  the  place  of  the  Phae- 
nomenon. 

If  a  Perfon  has  a  mind  to  make  a  Table  of 
the  Refradion  of  the  Fix'd  Stars,  not  from  Ob- 
fervation,  but  upon  the  Principles  of  Dioptrics^ 
he  may  proceed  the  following  way  very  fafely. 
Let  the  Atmofphere,  which  is  extended  40  or 
yo  Miles  high,  be  fuppofed  to  be  divided  by  8 
Dr  10  parallel  Superficies,  into  as  many  Medi- 
ums of  different  denfities ;  fo  as  that  the  Medi* 
-Um  which  lies  between  the  two  next  Superficies, 
may  be  of  the  fame  denfity,  that  at  the  faid  Su- 
.perficies  may  be  changed  inftantly  into  a  rarer 
above,  and  a  denfer  below :  Not  that  it  is  really 
thus  in  nature ;  for  no  doubt  the  denfity  of  the 
Atmofphere  in  its  defcent,  is  increafed  by  the 
fmalleft  degrees.  Let  thefe  8  or  10  Mediums 
be  fo  tempered  in  regard  of  one  another  by 
trials,  that  in  one,  two  or  more  Altitudes  (for 
the  more  they  are,  the  more  accurate  will  the 
Table  be;  the  total  Refradions  made  at  all  thefe 
Mediums,  may  be  the  fame  with  the  Refrac^li* 
ens  that  are  found  by  the  accurateft  Obferva- 
tions,  to  agree  to  thofe  refpedive  Altitudes.  In 
which  cafe  the  Refra(ftion  made  in  any  aflumed 
Altitude  at  the  faid  Mediums,  and  known  by 
Calculation,  according  to  the  Laws  of  Dioptrics, 
is  very  nearly  equal  to  the  Refradion  in  the 
Heavens,  agreeing  to  the  fame  Altitude.  After 
this  manner  alfo  will  the  Line  be  determined 
very  nearly,  into  which  the  Ray  is  bent  in  its 
paffage  thro'  the  Atmofphere.  But  in  finding, 
by  this  method,  the  Refradion  correfponding 
to  an  Elevation  three  or  four  degrees  lefs,  the 
lower,  or  two  or  three  lower,  ought  to  be  fup- 
pofed a  little  rarer  j  for  they  really  are  fuch,  in 
the  vicinity  of  the  Earth,  which  is  heated. 
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Section   IX. 

Of  the  Tables  of  the  Firjl  Motion^  and  of 
the  Fixd  StarSy  depending  upon  the  Se- 
cond Booh 

THO'  all  the  Particulars  that  belong  to  the 
Firft  Motion  may  be  found,  by  the  Me- 
thods demonftrated  in  this  Book,  as  occafion  re- 
quires I  yet  becaufe  there  are  fome  things  of 
more  frequent  ufe.  Tables  are  made  for  them, 
that  they  might  be  more  expeditioufly  taken  out 
of  them,  which  would  otherwife  require  a  new 
Calculation  every  time  they  are  wanted.  And 
befides  Tables  taken  from  other  difciplines,  as 
of  Right  lines  infcribed  and  circumfcribed  in  a 
Circle,  of  Logarithms,  &c.  Aftronomical  ones 
are  alfo  made  ^  and"  fuch  of  them  as  depend 
upon  this  Book  are  of  two  forts ;  namely  fuch 
as  are  the  fame  to  the  Inhabitants  of  the 
whole  Earth  ,•  which  regard  either  the  Firft 
Motion,  or  the  Fix  d  Stars ;  or  fuch  as  only 
hold  in  fome  certain  place  of  the  Earth. 

Proposition  LXVII. 

TO  defcrihe  Tables  common  to  all  the  jnhahitatits 
of  the  Earthy  relating  to  the  Firfi  Mmon, 
The  Equator  and  Ecliptic  are  the  fame  to  all 
the  Inhabitants  of  the  Earth,  and  they  are  of 
confiderable  and  frequent  ufe  in  Aftronomy  : 
The  former,  becaufe  it  is  the  mean,  and  as  it 
were  the  Standard  of  the  Firft  or  apparent  Di- 
urnal Motion  of  the  Heavens  ;  the  latter,  be- 
caufe it  is  the  Way  and  Path  of  the  Sun^  (who 
k  the  governor  of  the  Days  and  Seafbns,)    The 
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mutual  habitude  and  refped:  of  thefe  Circles  to 
one  another  in  all  their  points  is  difpofed  into 
Tables:  That  is,  to  every  degree  of  th6  Ecliptic, 
marked  with  its  proper  name,  (that  is,  the  num- 
ber it  bears  in  the  Sign)  are  annexed  to  the  cor- 
fefponding  Declination  from  the  Equator,  Right 
Afcenfion,  and  Angle  that  the  Ecliptic  conipre* 
hends  with  the  Meridian;  as  is  fliewn  in  Trop,  20. 
And  therefore  thefe  three  Tables  are  put  together 
in  one  very  commodioufly,  under  the  univerfal 
Title  of  The  Declination^  and  Right  Afcepfion  of  tv£- 
fy  degree  of  the  EcUfticy  and  of  the  Angles  of  the  E- 
cliptic  with  'the  Meridian.  And  hecaufe  in  fuch 
Tables,  either  the  fame  number  recur,  or  the 
feme  increafed  by  a  Quadrant,  a  Semicircle  or 
[three  Quadrants  of  a  Circle ;  in  the  making  of 
lem  there  will  be  no  need  of  carrying  the  Cal- 
dulation  beyond  ohe  Quadrant,  fmce  the  re- 
maining part  of  the  Table  flows  naturally  from 
le  former,  either  by  the  change  of  the  firft  Co* 
umn  or  by  Addition  only. 

Befides,  fince  the  intire  apparent  revolution 

if  the  Celeftial  Equator  makes  a  natural  Day, 

lOd  proportionally  itl  the  parts  of  this  revolu- 

ion,  by  reafon  of  the  equability  of  the  diurnal 

Motion  of  the  Earth  ;  they  make  a  Table,  out 

which  the  time  correfpondihg  to  each  part  of 

he  revolution  of  the  Equator,  and  on  the  con- 

rary,  the  part  of  the  revolution  correfponding 

6  any  time,  may  be  taken.     And  becaufe  among 

«oliter  Nations,  Where  Aftronortiy  is  cultivated, 

he  natural  Day  is  divided  into  24  Hours,  and  the 

lour  in  60  Minutes,  every  one  of  which  again 

i  divided  into  60  Seconds,  and  to  on  ;  the  afore- 

jiid  Tables  are  accomodated  to  this  divifion  of 

le  Time. 
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Proposition  LXVHI. 

TO  defcrlbe  the  Tables  'which  relate  to  the  Fix^d 
Starsy  that  are  comrmn  to  all  the  Inh  ah  Hants  of 
the  Earth. 

The  Places  of  the  Fix'd  Stars,  in  regaid  of 
Longitude  and  Latitude,  are  difpofed  of  by  th^ 
methods  explained  in  Troj.  29.  Such  a  Table  (oi^ 
Catalogue)  as  this,  is  the  foundation  of  the  whole 
Science  of  the  Stars :  And  becaufe  the  places  of 
the  Planets  are  found,  by  knowing  the  places  of 
the  Fix'd  Stars,  Aftronomers  are  very  careful  in 
noting  the  places  of  the  Fix  d  Stars,  as  are  in  the 
Zodiac  ;  not  only  thofe  as  are  only  feen  by  the 
naked  Eye,  but  fuch  alfo  as  are  feen  by  a  fmalt 
Telefcope.  I 

Becaufe  the  Longitude  of  the  Fix  d  Stars  cotir 
t4nually  increafes,    by  reafon  of  the  regrefs  of 
the  EquinocStial  Points,  th^^Tahk  of  this  Regrefs  \&. 
annexed  to  the  Catalogue  of  the  Fix*d  Stars ^  tha^i 
is,  'tis  fliewn  how^  much  it  is  in  a  Year,  any  parts  J 
of  a  Year,  or  coliection  of  Years,  fo  that  the 
Tabular  Longitude  of  a  Fix'd  Star  may  be  very 
eaiily  corrected  by  this  means.     Copernicus  ^ndori 
thers  following  him^  reckon  the  diftance  o,f  the  ^ 
Fix'd  Stars  in  the  Ecliptic  toward  the  Eaft,  from 
the  preceding  of  the  two  in  the  Horn  of  ArieSj, 
as  was  laid  before:  By  adding  to  this  Arc  (in  any 
conftaut  Fix'd  Star)  the  diftance  of  the  Vernal 
Equinodlial  point,  perpetually  augmented  from 
the  faid  firft  Star  of  Aries,  to  be  taken  out  of 
that  other  Table,  you  make  the  Longitude  of 
the  Fix'd  Star  from  the  Vernal  Equinox* 

Becaufe  the  Right  Afcenfion  and  Declination 
of  fome  of  the  more  confiderable  Fix'd  Stars  are 
of  more  frequent  ufe  ;  and  to  find  them  out  by 
the  Longitude  and  latitude  given  (by  Converl. 
Frop,  27.;  as  often  as  cherc-  is  occafion  of  them, 

would: 
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would  be  very  tedious ;  fuch  as  have  d  mind  to 
fpare  others  to  much  trouble^  form  to  a  given 
time,  a  Table  of  the  Right  Afcenjion  and  Declination 
cf  the  more  confiderable  Fixd  Stars,  adding  the  dif- 
ference of  each  for  a  certain  number  of  Years> 
in  which  they  fuppofe  their  change^  as  to  fenfe^ 
to  be  equable. 

To  the  abovementloned  Tables  of  the  Motion 
of  the  Fix  d  Stars  is  alfo  added  a  Talk  of  the  Re- 
fraBion  of  the  Stars,   made  for  the  different  Alti-=^ 
ta^Q  of  them  above  the  Horizon  (by  Vrof,  66,) 
The  Altitude  of  any  Star  obferved  is  to  be  let 
fened  by  the  correiponding  Refradion,  that  it 
may  become  true  ;  or  the  true  Altitude  (  found 
from  the  true  place,  at  a  given  time,  by  CalCu^ 
lationj  is  to  be  increafed  by  the  faid  Refradion^* 
[that  it  may  become  the  apparent  Altitude.   This 
i  different  Altitude  of  the  Star  from  Refradion  in-* 
duces  a  diverfity  of  its  Place  in  regard  of  Longi- 
tude or  Latitude,  or  in  any  other  Circle,  aftef 
ithe  fame  manner  with  that  fhewn  before  in  the 
Parallax.    We  have  reckoned  this  Table  of  Re- 
fradion  here  among  the  Tables  of  the  Fix'd  Stars^ 
tho'  it  might  more  properly  be  refer'd  to  the  pre-* 
ceding,  as  what  is  common  to  every  Celeftial 
Phenomenon  :    Other's  in  the  mean  while  will 
think  it  ought  to  be  reckoned  among  the  Tabled 
:hat  are  to  be  defcrib'd  in  the  following  Propofi-* 
ion,  fince  different  Tables  of  Refra<:^tion  are  re^ 
luifite  for  the  different  denfity  of  the  Atmofphere 
n  different  places. 

PROPOSitlON  LXIX. 

TO  enumerate  the  more  common  Tables,  ivhefeln 
the  fituation  of  the  more  confiderable  Tlades  upon 
'he  Earth,  in  regard  of  one  another,  and  in  refpe^  of 
he  Equator,  is  defcribed,  and  thgfe  wherein  the  Time 
eckoned  in  any  of  them  is  reduced  to  the  Time  reckoned 
Hcording  to  the  cufiom  of  any  other ^ 
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In  the  Catalogue  of  the  mofl:  conliderable  Pla- 
ces, you  have  the  Elevation  of  the  Pole  in  that 
place  fet  down  by  it,  (determined  by  Frop.  ij  ^  ) 
to  which  the  Latitude  of  the  Place  is  equal 
There  is  alfo  fet  down  the  difference  (found  by 
Pro^.  52.J  of  the  Firft  Meridian  (whether  it  be  fup- 
poled  to  pafs  thro'  the  place  where  the  Aftrono-* 
mer  lives,  or  through  the  Az^ores  or  Fortunate 
Iflands)  and  of  the  Meridian  of  that  place,  and 
it  is  expreffed  in  parts  of  the  Equator,  or  in 
Hours  and  parts  of  an  Hour.  Thus  we  have  the 
iituation  of  thefe  places  to  one  another,  and  to 
the  Equator  fettled,  and  may  make  ufe  of  it  as 
occafion  requires  in  Geography  or  Hydrogra- 
phy. The  Hout  reckoned  in  one  of  the  Places, 
with  the  difference  of  the  Meridians,  expreffed 
in  Hours  and  parts  of  an  Hour,  added  to  it,  ., 
gives  the  Hour  reckoned  in  the  more  Eaftern 
place  ^  but  fubtraded  from  it,  fhews  the  Hour 
reckoned  in  a  more  Weftern  place,  provided  both  . 
places  make  ufe  of  the  fame  fort  of  Hours  ^  but 
if  they  ufe  a  different  fort,  they  are  to  be  reduced 
to  the  fame  by  a  proper  redudion. 

You  have  alfo  Tables  for  the  more  expeditious.! 
redudion  of  any  Time  in  one  of  the  places  ex- 
preffed by  any  Calendar,  and  reckoned  from  any 
known  Epocha,  into  Time  of  any  given  form  in 
the  other  place.    For  fmce  (by  Frop,  11.  and  12.) 
both  the  Epochas  may  be  compared  together,  and  , 
the  various  forms  of  the  Years  among  different 
Nations,   the  grounds  and  method  of  conftru-  * 
ding  thefe  Tables  (which  are  as  neceffary  for ; 
Men  of  Bufmefs  and  Hiflorians,  as  Aftronomer s) 
is  evident. 

Befides,  the  Circles  diftinguifliing  the  Climates  : 
and  Parallels  are  reduced  into  Tables  by  fome.  |e 
For  if  you  begin  at  the  Equator,  the  quantity  of  | 
the  longeft  Day  is  had^  ac  the  end  of  each  Cli- 1 

matc^ 
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mate  and  Parallel,  or  the  beginning  of  the  next; 
that  iSj  the  continuance  of  the  Solftitial  Point 
towards  the  vifible  Pole  above  the  Horizon.  There 
are  alfo  given  the  Declination  of  the  Solftitial 
Point  (namely  the  Obliquity  of  the  Ecliptic)  and 
the  Right  Afcenfion :  The  Elevation  of  the  Pole 
in  that  place  therefore  is  alfo  given  ;  that  is,  the 
diftance  of  the  Ciicle  bounding  the  Climate  or. 
Parallel  propofed  from  the  Equator. 

POPOSITION  LXX. 

TO  defer  the  the  more  common  Tables^  hy  'which  th^ 
Vrobkms  of  the  Firfi  Motion^    in  different  flace^ 
\  of  the  Ec^hy  are  more  readily  fol'ved. 

For  the  finding  out  the  places  and  times  of  the 
ijllifing  and  Setting  of  the  Fix  d  Stars  and  other 
ICeleftial  Bodies^  whofe  Places  are  known,  and 
|folving  other  Problems  about  them,  Calculation 
lis  commonly  ufed,  as  occafion  requires.    But  be- 
icaufe  the  ufe  of  the  Sun's  Motion  is  more  confi- 
derable  and  frequent,  and  the  Sun  itfeif  in  its 
Annual  courfe,  is  in  different  degrees  of  the  E- 
'  cliptic  ;  Tables  are  made  for  all  Latitudes,  to 
ihew  the  refpedt  of  thefe  points  to  the  Horizon : 
that  is,  for  every  degree  or  Latitude  from  the  E- 
quator,  the  Difference  between  the  right  and  ob- 
lique Afcenfion  of  every  degree  of  the  Ecliptic 
(found  hy  Trof.  ^^.j  is  added  to  that  degree  of  the 
Ecliptic  expreffed  by  its  name,  out  of  all  which 
a  Table  is  made,  or  rather  a  heap  of  Tables ,  for 
indeed  every  degree  of  Latitude  fliould  have  a 
Table,  extending  to  the  feveral  degrees  of  the 
Ecliptic.    Thefe  fort  of  Tables  are  called  Tables, 
of  the  Afcenfional  Differences, 

The  Afcenfional  differences  being  thus  reduced 
into  Tables,  the  oblique  Afcenfions  and  diurnal 
Arcs  of  every  one  of  the  degrees  of  the  Ecliptic 
^Q  in  like  manner  eafily  reduced  into  Tables  by 
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tare  Addition  and  Subfl:ra(5tion ;  and  from  thenco 
the  Hours  of  the  Rifing  and  Setting  of  the  Sun, 
when  in  thofe  points.  But  thef^  Operations  are 
fo  eafy,  as  that  they  are  ufually  left  to  the  pains 
of  every  one  that  makes  the  Calculation;  ex^ 
cepting,  that  generally  an  Aftronomer,  that  is 
pretty  much  taken  up  in  ftpputations^  has  them, 
already  calculated  for  the  place  of  his  own  Habi- 
tation. And  fometimes  alfo  he  has  by  him  Tables 
(made  by  Vrop. ; ;.)  of  theOrf^x;^  JmpUtudcs  of  the 
degrees  of  the  Ecliptic,  either  for  feveral  Lati- 
tudes, or  at  leaft  for  his  own. 

There  is  another  fort  of  Table  fto  be  made  by 
Trop,  gy.)  of  the  Jngle  of  the  Eafi^  namely  that 
which  the  Ecliptic  makes  with  the  Horizon,  for 
the  different  points  of  the  Ecliptic  rifmg  in  a 
given  Latitude,  or  (which  comes  to  the  fame)  of; 
the  Altitude  above  the  Horizon  of  the  Nonagefim 
Degree  from  the  Eaftern  point.  And  becaufe  in  ^ 
Calculating  Eclipfes  of  the  Sun  and  other  things, 
there  is  very  great  ufe  of  this  Angle,  Tables  of  it 
are  made  for  every  degree  of  Latitude  from  the 
Equator  to  the  Pole. 

And  fometimes  Tables  of  the  Beginning  and 
Ending  of  the  Morning  and  Evening  Twilight  i 
are  made  (by  Vrop,  59.)  for  the  degree  of  the  E*  - 
cliptic  that  the  Sun  is  in,  and  for  different  Lati-  - 
tudes,  or  at  leaft  for  the  Latitude  of  their  own  ^ 
Habitation. 

In  making  all  thefe  forts  of  Tables,  there  are 
feveral  compendiums  of  the  calculation  and  pains 
that  occur,  fuch  as  are  fhewn  in  Vrop,  67  ;  and  a 
Jhorter  and  more  elegant  way  of  ordering  thefe 
Tables  may  be  had  from  thence. 
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Aftronomy, 

Phyfical  and  Geometrical. 
The  Third  Book. 


Of  the  Theory  of  the  Frlmary 
Planets. 

IN  the  Firft  Book^  we  have  fliewn  what  Laws 
a  Planet  muft  move  by,  to  defcribe  an  El- 
lipfe  about  the  Sun  placed  in  one  of  its  Foci^ 
which  Figure  only  the  Phsenomena  will  admit  of^ 
as  Keller  has  fhewn  at  large,  in  his  Commentaries 
of  the  Motions  of  Mars,  and  all  Aftronomers  now 
allow  of.  The  ancient  Aftronomers  themfelres, 
together  with  Vtokmy,  (who  were  for  admitting 
nothing  but  perfed  Circles  in  the  Heavens, 
which  feem'd  the  moft  proper  for  Bodies  that  were 
B  b  4  not 
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not  fubje(^  to  generation  or  corruption,  fuch  as 
they  took  the  Heavenly  Bodies  to  be,)  almoft  come 
into  this  opinion,  being  compeli'd  by  the  Phe- 
nomena themfelves,  fmce  they  have  imagined  a 
motion  really  unequal  in  the  Excentric,  but  e- 
qual  in  the  Equant  Circle,  whofe  Center  was  as 
far  beyond  the  Center  of  the  Excentric,  as  the 
Center  of  the  true  Motion  was  on  this  fide  of 
it;  that  is,  fince  they  biffeded  the  Excentri- 
city,  and  defcribed  the  Orbit  of  the  Planet, 
from  the  point  of  biffecftion  as  a  Center.  For 
fuch  an  Excentric  circular  Orbit  of  a  Planet 
does  not  differ  from  an  Elliptic  Orbit,  whofq 
Foci  are  the  faid  Centers,  excepting  that  the 
former  is  fomething  thicker  about  the  middle, 
but  the  latter  fomething  fmaller ;  which  diffe- 
rence of  the  thicknefs  of  the  Orbit  is  almoft  in** 
fenfible  in  moft'of  the  Planets,  by  reafon  of  the 
fmallnefs  of  the  Excentricity,  and  not  diflin- 
guifhable  by  the  obfervations  of  the  Anciehtl 
Tho'  KefleVy  in  Chaf,  44.  of  the  faid  Comment rmes, 
has  made  it  out  very  clearly  arid  unqueftionably, 
from  the  obfervations  of  Tycho.  'Tis  true  Ttole- 
wy  ufes  an  Excentric  in  the  fimple  Theory  of  the 
Sun,  and  does  not  think  that  the  Excentricity  of 
the  Orbit  is  to  be  bife^^ied  ;  but  in  every  one  of 
the  other  Planets,  befides  the  Epicycle  (by  which 
he  explains  the  Phenomena  really  arifing  from  the 
motion  of  the  Eiarch,  which  he  did  not  acknow- 
ledge) he  ufe?  (C/j.  5'.  S.9.)  an  Excentric  defcribed 
upon  the  Center  bifeding  the  Excentricity.  Nay, 
Cofermcus  himfelf  took  the  perfection  of  the  moti- 
on and  way  of  the  Planets  to  be  fo  firm,  that  upon 
this  account  he  thinks  (Ch.z.B.<^ I)  the  bifedion  of 
the  Excentricity  ought  to  be  re|e<3:ed,  becaufe  it  is 
afcfurd  to  ^X2.ntthat.a7t  ejualitj  of  circular  motion  cm 
hk  made  u^on  a  firange  Center  '  and  not  upon  its  oof », 

(whicl^that  it  is  vva§  once  Ttokmfs  opinion,  is  evi- 
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dene  from  Chap,  ^,Book  ;.  where  he  fays  that  aU 
the  motions  of  the  Stars  are  e(jual  and  circular  by  na^ 
ture ;  that  is,  (as  he  himfeif  explains  it)  that  all 
>  the  lines ^  which  are  underfiood  to  carry  about  the  Stars 
or  thfir  Circles  in  allfimfly  equal  Timely  intercept  equal 
Angles  at  the  Centers  of  each  Circulation^  tho'  he  af- 
terwards changed,  in  B.  9.  already  quotedj  and 
Chaf,  4.  of  the  fame  Book,  he  would  rather  hav« 
a;i  Epicycle  and  a  fimpie  Excentric  introduced, 
performing  the  fame  as  an  Excentric  and  Equant 
3o^  or  even  a  Concentric  with  two  Epicycles. 
But  thofe   exa6t  and  repeated  obfervations    of 
Tycho  had  not  then  been  made,  that  Kepler  wholly 
depends  upon  when  he  demonftrates  that  the  Or- 
bits of  the  Planets  are  Elliptic  ^  tho'  Rkciolus  infi- 
nuates  by  the  by,  that  Kepler  began  to  fufped  that 
the  Way  of  a  Planet  thro'  the  iEther  was  Ovi- 
form ;  his  natural  fagacity  taking  the  firft  hint 
of  it  from  feeing  the  Oval  Figure  that  Reinholdus 
added  in  the  end  of  Purbachiu/s  Theories  belong- 
I  ing  to  the  Moon.    Therefore  in  fuch  a  true  El- 
[  liptic  Orbit  of  a  Planet  JlPy  where  S  iFig.i.'] 
\  one  Focus  is  the  place  of  the  Sun,  AS?  the  line 
of  the  Apfides,  A  the  Aphelion,  P  the  Periheli- 
on, L  the  Place  of  a  Planet  taken  at  plcafure, 
the  AtqrALS  contained  under  the  Right  lines 
SA,  '.SZ,  and  the  Elliptic  Curve  ^L  (computed 
from  S  A  iff  confequentia)  is  called  the  Mean  Anoma- 
ly^ that  isj^  Equable ;  for  this  Area  ihcreafes  equa- 
bly, namely'  in  the  fame  ratio  with  the  time : 
And  the  Angle  ASL,  contain  d  by  the  line  of  the 
Apfides  S^,  and  Radius  SL  that  carries  the  Pla- 
tiet,  is  called  the  Coequate  or  True  Anomaly,    For  it 
is  proper  that  the  Cultivators  of  a  Phyfical  Aftro- 
ij  ijomy,  fhould  recede  as  little  as  may  be  from  the 
I  dncient  Terms  of  Art;  being  not  only  eftabliflied 
I  by  ufe,  but  really  the  fitteft  for  that  purpofe. 

S  E€^ 
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Section  I. 

Some  General  Things  belonging  to  the  The- 
ory of  all  the  Planets. 

Proposition  I.     Lemma* 

IF  t^n  the  greater  axe  PA,  of  the  EllipfeVBA 
[Fig.  2.]  Ti^hofe  Center  is  C,  as  a  Diameter ^  yoH 
defcrihe  the  Circle  P  D  A,  and  from  a  point  G  takef^ 
^tfieafure  in  the  Circumference  of  the  Circle y  a  Ver^ 
fendiciilar  GB,  he  let  fall  on  PA,  interfering  the  El^ 
lipfe  at  L ;  andfomfome  point  in  the  AxeAP  (for  in^ 
fiance  fr cm  one  of  the  Foci  as  S)  to  G  and  L,  the  Right 
lines  S G,  Slj  he  drawn  ;  the  trilinear  Figure  AGS 
contained  under  the  Right  lines  S  A,  S  G,  and  the  Cir" 
cular  Cuwe  A  G,  will  he  to  the  whole  Circle ^  as  ths 
trilinear  A  L  S  contained  under  the  Right  lines  S  A,  S  L 
and  the  Elliptic  Curve  AL  is  to  the  whole  Ellipfe.         i 
Draw  eg  parallel  to  EG,  meeting  the  Diametei^- 
in  e,  the  Ellipfe  in  /,  and  the  Circle  in^.    Then 
(by  Vrop.  21.  Book  i.  of  the  Conies  of  ApoUonius)  el 
^iM  be  to  C  5  in  the  fubduplicate  ratio  of  the 
re<5tangle  under  Pe,  cAy  to  the  Re<5langle  under 
fCy  CAy  or  CD9:  And  eg  to  CD  is  alfo  in  the 
fubduplicate  ratio  of  TeY^  eAto  CD^  -y  therefore 
Cby  II  Elem,  j.)^/  is  to  CB^  as  eg  to  CZ);  and' 
therefore  el:  egx:  CB  iCD  'y  that  is,  in  a  givea 
ratio.    And  fince  this  is  always.done,  all  the  el 
infifting  upon  EAy  will  be  to  as  many  eg-y  that 
is,  the  Elliptic  Semi-fegment  ALE  to  the  Circu- 
lar Semi-fegment  AGEy  in  the  fame  given  ratio  ^ 
of  CB  to  CD:    Again,  (by  frop.  i.  Elem.  6.)  the 
Triangle  L 5  E,  is  to  che  Triangle  G 5 E  as  LE  to 
GE;  that  is,  (as  has  been  already  fliewn)  as  CB  to 
CD  ;  from  whence  (by  Prop,  12.  Elem.  ^f)  ALE 
and  LSE  together,  I  e.  ALS  is  to  ^GE  and 
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GSE  together,  or  AGS,  in  the  ratio  of  CB 
to  CD:  And  after  the  like  manner,  in  that 
fame  ratio  of  C  B  to  C  D  are  all  the  e  I  infifting 
upon  the  whole  F  A  to  as  many  eg  ;  that  is,  the 
Semi-ellipfe  ?  BA  to  the  Semicircle  P  DA.  And 
therefore  ALS  is  to  AG  Sy  as  the  Semi-ellipfe 
TEA  to  the  Semicircle  PDA,  or  as  the  Ellipfc 
to  the  Circle.  And  on  the  contrary  the  trilinear 
^  L 5  is  to  the  whole  ElHpfe,  as  the  trilinear  AGS 
to  the  whole  Circle.  ^E.  D, 

Confequently,  if  the  Semi-ellipfe  TEA  were 
propofed  to  be  divided  into  two  Segments  having 
a  given  ratio,  by  a  right  line  S  L  proceeding 
from  a  given  point  S  in  the  Axe,  it  is  fufficient 
to  divide  the  Semicircle  FDA  (in  (bme  refpedt 
more  known  than  an  EUipfe)  by  a  right  line  S  G 
in  the  faid  ratio,  and  to  let  fall  a  perpendicular 
Q  E  from  the  point  G,  on  the  Axis  PA  meet- 
ing the  Ellipfe  in  L  :  For  the  right  line  S  L  di- 
vides the  Semi-ellipfe  PEAin  the  fame  ratio  as  the 
Semicircle  PDA  is  divided  by  the  right  line  SGi 
Or  if  ^  J5  P  be  an  Elliptic  Orbit  of  a  Planet,  in 
one  of  whofe  Focus  5,  the  Sun  is ;  as  the  Mean 
Anomaly  of  the  Planet  in  L  is  reprefented  by  the 
trilinear  figure  ALS^  fo  it  may  alfo  be  reprefen- 
ted by  the  trilinear  figure  AGS. 

Proposition   II. 

THE  Or  hip  of  a  Planet  being  given  y  to  determine 
by  calculation^  as  many  Mean  Anomalies  and 
correffonding  True  ones,  as  you  fleafe. 

Let  the  Elliptic  Orbit  given  be  ALBP^ 
[Fig.  3.]  in  one  of  whofe  Foci  S  the  Sun  is 
placed.  Let  A  be  the  Aphelion,  P  the  Perihe- 
i  lion,  C  the  Center,  CAov  C  P  the  Mean  diftance 
\  of  the  Planet  from  the  Sun,  C  ED  perpendicu- 
i  lar  to  A  P.  In  the  Circle  ADP,  defcribed  about 
I  the  greater  axe  as  diameter,  take  at  pleafure 
j  from  A,  the  arc  AG^  or  angle  A  C  G,  expreffed 

'  -  ■  by 


380        The  Elements     Book  III. 

by  the  number  of  Degrees  and  Minutes  fas  is  u- 
fual.)  Andbecaufe  (by  2;  Ekm.  6.)  the  arc  AG 
is  to  the  whole  circumference,  as  a  fedor  AGC  to 
the  whole  circle,  if  the  Circle  as  well  as  the  Cir- 
cumference be  fuppofed  to  be  divided  inp  ;6o 
equal  parts,  or  circular  fedors  correfponding  tb 
the  degrees  of  the  circumference  ;  the  fame  num- 
ber that  expreffes  the  arc  A  G,  expreffes  alfo  the 
circular  fedor  >^G  C ;  the  latter  in  fmall  fedorsj^ 
the  former  in  fmali  arcs,  either  of  thefe  Kepler 
calls  the  Anomaly  of  the  Excentrlc.  But  from 
the  dimenfions  of  a  Circle,  (accurate  enough  for 
Calculation,)  the  ratio  of  the  fquare  of  the  Sen^i-t 
diameter  to  the  whole  Circle  is  given  j  and  from 
the  fpecies  of  the  Orbit  given,  the  ratio  of  the 
mean  diftance  B  5  or  CA^  and  alfo  of  the  lefler 
Semi-axe  5  C  to  the  Excentripity  5  C  is  given  ; 
and  from  thence  the  ratio  of  the  Triangle  BCS 
to  the  fquare  of  the  Radius ;  and  from  the  ratio 
of  the  arc  affumed  are  ^G  to  the  quarter  of  the 
Circumference  y^D,  is  given  the  ratio  of  the  Sines 
of  them,  ^Iz..  GE  to  DC^  and  confequently  of 
BC  to  GEy  that  is,  (by  i.  EL  6.)  the  ratio  of  the 
Triangle  BCS  to  GCS.  In  the  parts therefore,of 
which  the  Circle  contains  ;6o,there  are  given  thQ 
fedor  AGC  and  the  Triangle  GC5,  (  whofe  ana- 
logous one  LC5  is  caird  thoFhy/lcalpart  of  the  Et^ua- 
tioTty  as  the  angle  SLC  the  Optical  fart ; )  and  there- 
fore the  triiinear  aggregate  of  them  AGSy  which 
in  the  preceding  Frop,  is  ftiewn  to  be  proportio- 
nal to  the  triiinear  ALS^  and  confequently  may 
juftly  reprefent  the  Mean  Anomaly.  For  if  the. 
whole  area  y^jBPof  the  Elliptic  Orbit  be  imagi- 
ned to  be  divided  into  g6o  equal  parts,  the  part 
of  it  A  L  5,  namely  the  Mean  Anomaly  of  the 
Planet  in  L,  will  contain  as  many  parts  of  it,  as 
AGS  contains  fimilar  parts  of  the  circular  Area 
AD?  ^mi  fo  will  b9  expreffed  by  the  fame  num- 

ben 
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ber.  Again,  in  the  triangle  GC  S^  the  ratio  of 
the  Sides  GC,CS  being  given/the  Mean  diftance 
of  the  Phnet  from  the  Sun  to  the  Excentricity) 
and  the  contained  Angle  GCS,  (the  complement 
to  two  Right  of  the  Angle  ACG  affumed,)  the 
Angle  GSC  (by  41  of  the  Data)  will  be  given  ; 
and  therefore  alfo  ASL  the  Coequate  Anomaly, 
namely  theAngle  whofe  Tangent  EL  is  to  EG  the 
Tangent  of  the  Angle  ASG,  found  before^  in  the 
i  ratio  of  the  leffer  femi-axe  CB  of  the  given  Orbit, 
[to  the  greater  femi-axe  CD.  And  ficce  the  mean 
^nd  true  Anomaly,  found  by  calculation,  agree 
to  the  fame  affumed  Arc  AG,  they  will  alfo  agree 
with  one  another ;  or  one  will  correfpond  to  the 
other.  And  after  the  fame  manner  any  other  arc 
may  be  affumed,  and  the  agreeable  Anomalies, 
[^iz».  mean  and  true)  determined  thence  by  calcu- 
jlation,  which  will  confequently  be  correfpondent 
i:o  one  another. 

I  Proposition  III. 

fTp  HE  mean  Anomaly  of  a  Vianet  being  given y  whpfe 
JL  Orhit  is  given y  to  find  by  calculation  the  true  A- 
nofnaly  and  Defiance  of  the  Vianet  from  the  Sun,  and 
^he  converfe. 

Kepler y  at  the  end  of  Vart  4  of  his  Celefiial  Vhy-- 
Hcsy  lays,  that  there  is  no  dired  method  of  Cal- 
culation for  folving  this  Problem.  How  the 
pajculation  of  the  Problem  may  be  performed  by 
an  indired  method,  and  fit  enough  for  Aftrono- 
mical  ufes,is  now  to  be  fliewn.  In  the  Circle^^DP, 
\Fig^  ;.)  touching  the  Orbit  in  the  Aphelion  and 
Perihelion,  let  the  arcs  ^  G  or  angles  ACGoi  the 
Anomaly  of  the  Excenter,  be  taken,  exceeding 
one  another  by  fmgle  degrees.  For  every  one  of 
them  (by  the  preceding)  find  the  correfponding 
Anomalies,  viz.,  the  mean  and  the  true.  When  a 
CLanon  of  the  Mean  and  correfponding  Coequate 
Anomaly,  for  a  given  Orbit  of  a  Planet,  is  made 

tQ 
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to  each  particular  Arc  of  the  Anomaly  of  the 
Excentric,  look  among  them  for  the  mean  Ano- 
maly given  ;  the  ccrrefponding  true  Anomaly 
is  that  which  is  fought.  But  if  the  mean  Anoma- 
ly propofed,  is  not  found  among  thofe  in  the 
Canon,  the  true  Anomaly  fought  will  be  found 
(after  the  manner  commonly  known)  by  a  pro- 
portional part.  If  you  are  to  work  withouc 
Tables,  Kepler  advifes  the  ufe  of  the  Rule  of  Po- 
rtions (caird  alio  the  Rule  of  Falfe^  by  fuppofing 
the  Anomaly  of  the  Excentric  ^  G  an  arc,  or 
ACG  an  angle,  or  ^GG  a  Sedor,  ("for  thefe 
three  are  expreffled  by  the  fame  number)  to  be  of 
as  many  parts  as  you  pleafe,  and  by  adding  or 
fubtrading  from  it,  fo  aflum'd  as  there  is  need, 
an  analogous  Triangle  congruous  to  the  Phyfical 
part  of  the  Equation,  namely  GSC^  to  make 
the  mean  Anomaly  AG  S,  for  if  it  comes  out  as 
great  as  that  propofed,  the  Anomaly  of  the  Ex- 
center  was  well  put,  and  the  true  Anomaly  that 
agrees  to  it  is  the  Anomaly  fought ;  becaufe  fit* 
ting  the  given  mean  Anomaly  ;  but  if  it  does  not 
come  out  fo  great,  the  Pofition  is  to  be  correded 
by  that  which  does  come  out,  and  the  operation 
is  to  be  repeated.  For  finding  the  Diftance  of  the 
Planet  from  the  Sun,  you  have  in  the  Triangle 
LCSy  the  Angle  LSC  given,  namely  the  above 
found  coequated  Anomaly;  alfo  the  Angle  LC 5, 
the  Supplement  of  the  Angle  LCJ^  whofe  Tan- 
gent is  to  the  Tangent  of  the  Angle  ACGoi  the 
Anomaly  of  the  Excentric,  as  the  lefferaxe  of  the 
Orbit  to  the  greater  ;  the  Excentricity  SC  is  alfo 
given,  from  whence  the  diftance  SLof  the  Pla- 
net from  the  Sun  becomes  known. 

And  alter  the  like  manner,  may  the  Mean  Ano- 
maly be  determined  from  the  given  True  one,  ei- 
ther by  Tables  already  made^  or  by  the  Rule  of 
Falfe  Pofition, 

-  Pro- 
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Proposition  IV. 

TO  divide  a  Semicircle  in  a  given  ratio ^  hy  a  right 
line  drawn  from  a  given  point  of  the  diameter. 
Let  JGB  iFig.  4.]  be  a  Semicircle,  C  its  Center, 
A  B  its  Diameter,  and  S  a  point  given  in  the  Di- 
ameter ;  from  whence  a  right  line  as  S  G  is  to  be 
drawn,  cutting  the  circumKrence  in  G,  fo  as  that 
.  the  Area  AGS  may  be  to  the  Area  BHGS  in  a 
gif  en  ratio,  namely  as  p  to  ^.  Suppofe  it  done, 
and  from  G  on  AC  let  fall  the  Perpendicular 
GE,  Let  the  Semidiameter  AC  or  CB  be  called 
r;  AE^  x;  iQt  m  ho  a  fourth  proportional  to  the 
Right  lines  5C,  CA,  and  the  Semicircumference 
AHB,     Then  Semcircumf.  x  Radius  =  twic3 

the  Semicircle  =z  SC%m^  or  ^  =  -^r^.    Again, 

fince  by  fuppofition,  area  <^^G 5:  area  iJHGS  :: 
0 :  ^,  th.  Semicircle  y^HJg  :  area  AGS  -'p  -^  ^:p; 
i\\.pY,AHB  =  p^q-^AGSy  andconfeq. 2^G^, 
=  - — ; — .   Put  a  for——;  then  is  ^  =  k_    ■-■ 

;  =  ^1^  •  Or ,  ^  X  5  C  =  2  ^  G  5.  Towards  B  take 
C  r,  fo  to  C 1?,  as  CB  is  to  G  5 ;  and  call  A  r,  ^, 
^thenisCT'ss^ — r,  andth,SC=-^^  andSCx^^ 

tes  A  -^  G  S  .=  '^^.    And  fmce  C  E  =  r  —  x^  th. 

teE  =:r--:vr  +  4^;    Alfo2^G5=2^GE 

1+  2.GSE:=L2AGE  4-  GEyiES.  But,  by 
ijthe  Dodrine  of  Series,  in  a  Circle,  whofe  radius 
^lisr,  the  Segment  whoie  verted  Sine  is  a;,  that  is. 


i  ?  ?  7         .5.  9^ 


i;naG£c=V2x.'c-r3f-sy'2xr2a:2—^-7 ^ — ; 7  ^ 

V2      idV2  54V  2 

Hencp 
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TYO. 

But  j;^=zzAGSi=i:zAGE^2SEG,  there- 

fore,  by  reducing  the  Equation  according  to  Aft, 
you  will  find  that 

^\/z  12       20 

Taking  therefore  AE  equal  to  fo  many  tefm^  of 
this  Series  as  you  pleafe^  and  from  E  eredling 
EG  perpendicular  to  AB,  it  will  meet  the  Cir- 
cle in  the  point  G  fought.    ^  E.  F. 

And  (by  Trop.  i.j  the  fame  EG  will  meet  any 
Ellipfe  AKBy  defcrib'd  upon  the  greater  axe  AB, 
in  L,  fo  as  that  5  L  being  joyn'd  will  divide  the 
Semi-Ellipfe  AKB  into  two  parts  ALS^  BKLS, 
having  a  given  ratio  to  one  another. 

The  le!s  the  diftance  of  the  points  C  and  5, 
(that  is,  the  lefs  the  excentricity  of  the  Ellipfe) 
and  the  ratio  of  f  to  q,  the  fewer  terms  of  this 
Series  will  fuffice  :  For  the  ratio  of  ;>  to  ^  ought 
to  be  fmall,  that  the  Series,  exprefling  the  value 
of  the  Segment  AG  E,  may  foon  converge;  that 
is,  that  few  of  its  terms  may  be  very  near  equal 
to  the  Segment. 

I  formerly  pubUfli*d  this  Solution  of  the  Pro- 
blem before  us,  in  a  Geometric  Exercitatlon  concern* 
ing  the  Dimen/tom  of  Fignres,  Printed  at  Edinhtirgh  in 

the 
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the  Year  1684;  but  I  thought  it  would  not  be  a* 
mifs  to  infert  it  again  here^as  its  proper  place. 

'Twas  frfi  thus  done  by  Mr,  James  Gregory,  and 
communicated  to  Mr,  John  Collins,  in  a  Letter  dated 
h^vWthe  $th  iS-jz^  from  St.  Andrews,      - 
Proposition  V* 

TO  divide  an  Ellipfe  that  is  not  very  excentricy  hy 
a  right  line  thro  one  of  the  Foci^  fo  as  that  the 
portion  of  the  Elliptic  area  contained  between  the  greater 
Jlxe  and  the  Line  to  be  drawn^  may  be  very  nearly  to 
the  whole  Ellipfe  in  a  given  ratio* 

The  method  delivered  in  Prop,  j.  of  finding  the 
true  Anomaly  by  the  mean,  is  reckoned  tentative 
I  and  indirect:  But  any  Geometric  one,  however 
i  elegant,  (as  is  that  formerly  given  us  by  the  pro* 
[traded  Cycloid  by  Dr.  PP^allis,)  is  not  fo  fit  for  A^ 
ftronomical  Calculations^  and  that  which  does 
lit  by  Series  (as  Trop,^.)  is  too  laborious ;  on  which 
jaccount  Aftronomers  have  recourfe  to  Approxi- 
'  mations,  efpecially  the  following  one. 

Let  the  Ellipfe  propofed  be  ALT,   [Fig,^.'] 

( whofe  Center  is  C,   one  Focus  5,  the  other  F. 

From  the  Focus  S  a  right  line  SL  is  to  be  drawn^ 

fo  as  that  the  Trilinear  ALS,  may  have  very 

nearly  a  given  ratio  to  the  whole  Ellipfe  ALT  A. 

At  one  of  the  Foci  F,  make  an  angle  AFl^  ha- 

iring  the  fame  ratio  to  four  right,  as  the  trilinear 

Figure  ALS  ought  to  have  to  the  whole  Ellipfe, 

jvhofe  Leg  FL  meets  the  Ellipfe  in  L,  and  the 

Line  S  L  will  perform  the  thing  propofed  very 

learly.    For  if  the  Foci  S  and  F  coincide  with 

he  Center  C,  it  will  be  exadly,  as  is  evident 

rom  Trop.  33.  Elem,  6^  the  error  therefore  is  as 

jreat  as  that  which  proceeds  from  the  Excentrici- 

5r :  If  that  therefore  be  fmall,  that  is  in  an  El- 

ipfe  not  very  cxcentric,  the  area  ALS  is  to  the 

i^ole  EiJipfe  as  the  Angle  AFl  to  four  right 

ingles  ^  that  is  in  a  given  ratio. 

Cg  SCHO^ 
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SCHOLIUM. 
Kepler  hmfd^,  who  firft  fhew'd  that  a  Planet 
defcribed  an  Eilipfe,  fo  as  that  in  equal  cimes  e- 
qual  areas  were  defcribed,  being  cut  off  by  right 
lines    drawn  to  the  Sun  placed  in  the  Focus, 
took  notice  alfo  of  this  Approximation,  and  de- 
fcribes  it  in  Chap,  3.  Tart  2.  B.  5'.  Efh,  thus,  as  if  L 
n'ere  thePUnet^  the  Ajtgle  K¥l^  might  be  infiead cf 
the  mean  Anomaly  almofi.   But  he  did  wholly  forbear ; 
lifingit,  both  becaufe  in  the  Planet  Mars  it  plainly- 
differs  from  the  Heavens,  and  efpecially  becaufe  his : 
elegant  demonftrations  of  the  motions  from  their ! 
Phyiical  caufes  by  this  means  would  lie  wholly, 
negleded  and  uncultivated,  becaufe  intirely  un- 
known ;  he  was  therefore  willing  to  perfifl:  in  the 
truePhyfical  Theory  of  the  Planets,  tho' forced  to 
ufe  an  indired:  method,  as  in  finding  the  coequa- 
ted  Anomaly  from  the  true,  rather  than  to  follow 
one  foreign  from  the  natural  one,  tho'  the  thing; 
could  be  done  by  it  directly  and  very  eafily. 

Afterwards  the  Celebrated  Aftronomer  Seth 
Ward  made  ufe  of  this  Theory  of  the  Planets,  as 
one  that  Nature  it  felf  took  into  her  fervice; 
and  aflumes  that  the  Orbit  of  any  Planet  is  El- 
liptical, in  one  of  vvhofe  Foci  is  the  Sun,  which 
he  acknowledges  is  the  true  and  Phyfical  inftru- 
iiient  of  altthe  Planetary  motions ;  in  the  mean- 
while the  motion  of  each  Planet  is  fo  tempered 
about  the  other  Focus  as  to  form  at  it.  Angles  pro- 
portional to  the  times^  and  upon  thisHypothefis  he 
has  buik  his  Geometrical  EUipiical  Aftronomy  (a  very 
excellent  work,  and  what  all  found  Aftronomy  v, 
very  much  indebted  toj  For  he  has  applied  Geo- 
metry (v;ith  which  he  was  very  well  acquainted, 
fo  happily  to  Aftronomy,  as  not  only  to  fine 
dire6lly  and  Geometrically  the  true  Anomal) 
from  the  m.ean  one  given,  but  to  ^etermimj 
the  Orbits  of  all  the  Planets,  as  well  in  regarc^ 

oi|i 
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of  their  figure  and  fituation,  as  in  regard  of  their 
magnitude,  (taking  the  Orbit  of  the  Earth  as  a 
nieafure.)    But  ftill  hQbas  not  7i>iped  off  that  'AH«//e" 
TfHWit>  which  fiill  cleaves  toAfironorHy  ;  For  he  folveS 
this  Problem  of  Aftronomy,  not   according  to 
'the  true  and  genuine  Syftem,    whereby  Kefler 
had  challenged  Geometers  to  folve  them ,  but 
by  a  fiditious  one,  that   comes    very  near  the 
true  one.     Notwithftanding,  the  method  of  his 
Aftronomy  is  of  very  great  ufe:    Since  the  Or- 
bits of  the  Planets  are  not  very  Excentric  Ellip- 
fes,  but  fuch  as  come  pretty  near  to  Circles,  nor 
does  Ward's  Hypothefis,   wherein  he  makes  the 
motioii  about  the  Focus,  which  the  Sun  is  not  in, 
equable,  differ  much  from  the  accurate  one  ;  and 
Will  be  of  very  great  fervice  in  determining  the 
Orbits  of  the  Planets  very  nearly,  which  may 
ihy  repeating  the  Calculation,  as  iliall  be  fliewn 
below,J  again  be  made  more  accurate  at  pleafure. 
'Tis  true  that  Ifmad  BulU4dus^  in  his  ThiloUic 
Agronomy y  while  he  makes  every  Planet  move  in 
anEllipfe,  and  cuts  this  Ellipfe  out  of  a  Cone,  fuch 
as  that  the  Axis  of  the  Cone  paffes  thro'  one  of  the 
Foci  of  the  Ellipfe^  and  laftly,  while  (C^/rp.  is". 
Book  I.)  he  makes   the  motion  of  the  Vianet  about  the 
Cone   and  in  Circles  parallel  to  the  Bafis  of  the  Cone^ 
\  to  he  equal '^    he  has  fuppofed  the  equable  incre- 
ment of  the  Angles  at  the  Focus  in  which  the 
Sun  is  not  ^    (namely  that  through   which  the 
I  Axis  of  the  Cone  paffes,)  that  is,   the  Hypothefis 
I  of  Ward^  without   knowing  of  it :  Nor  di^  he 
[underftand  it,  till  Ward  inquired  into  the  foun- 
i|  dations  of  his  Aftronomy,  and  demonftrates  it  in 
;'  the  firft  Chap,  of  his  Inquiry,     And  Bullialdus  him- 
'I  felf,  who  had  commiferated  Kepler  on  the  account 
I  of  his  miftakes  and  defeds  in  Geometry,  there 
i  meets  with  what  he  deferved   at  the  hands  of 
IVardy  \vho  {hows Bullialdus  fbeftdes  the  feveral  er- 
C  c  2  rors 
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rors,  which  he  had  committed  and  ingenuoufly 
confeffes  in  his  Found.  ofThiL  Afir,  ^jj'erted  againfi  S. 
Wardy)  that  he  did  not  throughly  under/tand  his 
own  Hypothefis,  while  he  fuppofes^  without 
knowing  it,  that  the  motion  about  the  Focus  of 
the  Ellipfe,  in  which  the  Sun  is  not,  is  equable  ; 
which  notwithftanding  had  he  throughly  known 
it,  he  would  have  finiflied  the  greateft  part  of  hi^ 
Aftronomy  much  better  and  eafier. 

And  Count  Tagan  has  alfo  ferioufly  embraced 
this  fame  Hypothecs,  namely  of  an  equabfe  angu- 
lar motion  of  a  Planet  about  the  other  Focus  of  an 
Eilipfe,  in  which  the  Sun  is  not  placed,  for  true 
and  genuine,  and  has  publifhed  in  French  at  ?ar^ 
Am  1 65*7,  a  Theory  of  the  Tlanets  built  upon  it  j 
and  at  the  end  of  his  Theory,  has  boldly  thrown 
upon  the  miftakes  of  the  Obfervers,  the  difagree- 
ment  of  it  with  the  Heavens,  which  is  greateft 
in  the  Odants  from  the  Apfides.    And  tho'  this 
Theory  of  Pagan  comes  a  full  Year  after  JVard's  Geo^ 
fnetrical  Aftronomy ^  and  three  at  leaft  after  the  7»- 
^ulry  into  the  Foundations  of  BuUlaldus^  Aftron.  Vhilo- 
laica,  (where  he  had  laid  down  the  foundations  of  i 
all  his  Aftronomy,  and  conftrucled  moft  of  the ; 
Problems;)  yet  Pagan  goes  no  farther  than  the  de- 
termining the  place  of  a  Planet  in  its  Orbit  be- 
ing given  at  an  afligned  time,  and  its  diftance ; 
from  the  Sun;  that  is,  the  eftablifliing  the  prin- 
ciples themfelves  of  Aftronomy ;  omitting  all  the 
comparative  Aftronomy,    in  the  cultivating  of 
which  by  Geometry,  the  Accurate  IVard  has  weH." 
employed  his  pains. 

Proposition  VL 
^IfppoJI/ig  the  approximation  lately  dejcrlhed  to  he  ac- 
t3  curate  enough ^  {that  isy  in  the  Hypotbejis  of  Ward) 
the  Mean  A-aoinaly  being  given,  to  fnd  the  coequated 
Anomaly y  and  the  Planets  Dijlance  from  ths  <Sun  in  \a^ 
grucnOrhlt, 

Let 
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Let  ALP  [Fig.  6.]  be  the  Elliptic  Orbit  of  the 
Planet  about  the  Sun  placed  in  »S  as  a  Focus ; 
let  its  Aphelion  be  \^,  Perihelion  P,  greater 
AxqAP:  From  the  Mean  Anomaly  the  angle 
AFL  given^  the  coequated  Anomaly  is  to  be 
found,  namely  the  angle  ASL^  and  the  Diftanco^ 
of  the  Planet  in  L  from  the  Sun,  i;/?s.  SL-^  that 
is,  the  ratio  of  this  right  line  to  FS  or  AV. 

Produce  FL  to  By  io  that  LB  may  be  equal  to 
£5^  and  join^5.  And  becaufe  ("by  Vrof.  ^2.  jB.;. 
Come  ofApoUonius)  FL  and  LS  taken  together  are 
equal  to  the  axe  Afy  'FB  will  be  equal  to  the  fame 
AP,  And  therefore  in  the  Triangle  BFS^  the 
iSides  B  F,  FSy  and  the  Angle  intercepted  ^FS, 
the  complement  of  the  Mean  Anomaly  given  AFL 
to  two  right  or  four  right  angles,  (according  as  L 
is  in  the  firft  or  fecond  Semicircle  of  Anomaly?) 
the  Angles  FSB  and  FBS  or  LSB  will  become 
known,  whofe  difference  ASL  is  the  coequated 
Anomaly  fought.  Befides,  in  the  Triangle  L  FS 
at  firft  the  angle  LFS  and  fide  FS  are  given,  and 
now  the  angle  i^5Z;  is  found,  and  the  remaining 
one  FLS ;  therefore  the  Side  L  S  will  be  found  in 
the  parts  of  the  given  diftance  of  the  Foci  S  F; 
that  is,  the  Diftance  of  the  Planet  from  the  Sun. 
4.  E,  F 

In  finding  the  angles  FSB^  FBSy  in  the  triangle 
BFS,  when  BF,  FS^  and  the  angle  BFS  are  given; 
(by  the  common  Rule  of  Trigonometry,)  B  F  and 
FS  together  are  to  /JFleffen'd  byF*^,  as  the  Tan- 
gent of  half  the  Angles  B  and  FSB^  to  the  Tan- 
gent of  half  the  difference  of  the  fame.  But  B  F 
and  F^S"  taken  together  are  equal  to  A  B  and  FS 
taken  together  ^  and  BF  lefs  FS  is  equal  to  ^P 
lefs  F*y,  or  twice  «yP;  and  the  fum  of  the  angles 
B  and  FSB  is  equal  to  the  external  A  FL^  name- 
ly to  the  Mean  Anomaly  ;  and  their  difference  is 
equal  to  F«yxthe  coequated  Anomaly.  And 
C  c  5  there-- 
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therefore  the  fum  of  AT  and  FS  is  to  iVS^  or  the 
half  of  the  one  SA  is  to  the  half  of  the  other  ]  ^S"- 
that  is,  the  diftance  of  the  Planet  when  in  its 
Aphelion  is  to  its  diftance  when  in  the  Perihelion, 
as  the  Tangent  of  half  the  mean  Anomaly  to  the:. 
Tangent  of  half  the  coequated  Anomaly:  In 
which  proportion  the  two  firft  terms  are  conftanc 
in  the  given  Planet. 

After  the  like  manner  the  mean  Anomaly  may- 
be found,  the  coequated  being  given.  But  if  you- 
don't  want  the  coequated  Anomaly  A  S  L  that 
anfvvers  the  given  mean  one  AFL^  but  the  angle 
FI.<y  (called  the  ElUpk  Equation  ;)  it  will  be  the 
double  of  the  angle  FBS  found  before.  And  this 
angle  fubtrac^ed  from  the  mean  Anomaly  A  FL^ 
the  Planet  defcending  from  the  Aphelion  to  tho 
Perihelion,  or  in  the  firft  fix  Signs  of  the  Ano^, 
maly,  leaves  the  coequated  ASL\  But  if  it  be 
added  to  the  mean  Anomaly  in  the  iaft  fix  Signs 
of  the  fame  it  makes  the  coequated  Anomaly  j 
from  whence  it  receives  the  name  Trofih^fharefis,  ■ 

Proposition  VII. 

TO  explain  the  correBlon  of  the  preceding  afproxl-- 
mat  Ion  made  hj  Bullialdus ;  and  to  jheiv  how 
(that  being  fuppofed)  the  coequated  Anomaly  and  the 
diftance  of  the  Planet  from  the  Sun  may  he  found, 

Ifmael  Bullialdus^  in  the  defence  of  his  Fhilolais 
Jftronomy  agalnft  VFard^  in  a  Book  intituled.  The 
Fcu7idatir:nofthe  Vhllolalc  A/lroncmy  explained.  Chap. I » 
and  2.  fhews  from  four  Obfervations  made  by 
Tycho^  that  the  Hypothefis  of  Ward  lately  defcrir 
bed  does  not  agree  to  Mars,  that  in  the  firft  and 
third  Quadrant  of  the  mean  Anomaly  is  more 
forward  thm  \t  ought  to  be  by  this  Hypothefis, 
but  in  the  fecond  and  Iaft  Quadrant  of  the  mean 
Anomaly  is  lefs  than  this  Hypothefis  requires. 
But  even  now  neither  has  he  fo  much  as  looked 

back 
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back  upon  the  fagacious  Kefkry     according  to 
whoft  Phy fical  Sy Item,  the  matter  ought  to  be 
thus  in  every  Ellipfe,  and  in  Mars  fenfibly^  (  be- 
caufe  its  Orbit  is  fenfibly  excentric^)  and  as  the 
very  numbers  themfeives  which  Kepler  brings  do 
plainly  fhow.     But  being  refolved  upon  corred- 
ing  iVard's  Hypothefis,   in  requital  of  the  like- 
kindnefs  from  him,  he  brings  the  following  cor- 
redion  of  the  mean  Anomaly,  found  as  above, 
in  Cbap.  4.  of  the  faid  Book.    Let  ALBP  [Fig.j,^ 
be  the  Elliptic  Orbit  of  a  Planet,  whofe  Foci, 
Apfides,  Center,  &c,  are  expreffed  by  the  fame 
letters  as  they  have  been  frequently  before:  .And  let 
the  angle  A  FL^  the  mean  Anomaly  in  the  Hypo- 
thefis  of  IVardy  be  to  four  right  angles,  as  the  time  in 
which  jthe  Planet  defcribes  the  Elliptic  Arc  ^  L  to 
the  intire  periodic  Time.    And  becaufe  the  point 
L  in  the  firft  and  third  Quadrant  of  the  mean  A- 
nomaly  ("that  is,  while  the  Angle  AFL  is  lefs  than 
a  right,  or  greater  than  two,  or  lefs  than  three) 
is  not  fo  forward  as  Obfervations  require,  but  in 
the  firft  and  fourth  Quadrant  too  forward;  that 
is,  becaufe  the  angle  -^FL  is  in  the  firft  cafe  too 
Httle,  in  the  fecond  too  great ;  therefore  BulliaU 
dus  correds  this  angle  thus.    Thro'L  draw  LE  per- 
pendicular to  the  Axe  A?  *^  meeting  it  in  E,  and 
the  Circle  defcribed  upon  the  diameter  ^P  in  G," 
joinFG;    let  the  Angle  AFG  be  taken  for  the 
mean  Anomaly  inftead  of  AFL;  the  angle  AFG 
BuUialdus  takes  the  liberty   of  calling  the  True- 
Mean  Anomalyy  leaving  the  nam.e  of  the  Mean  to 
the  angle  ^FL,  which  is  proportional  to  the  Time: 
And  therefore  the  Place  of  the  Planet  in  its  Or- 
bit correded  will  be  the  point  K,  where  FG  meets 
the  Orbit.     The  angle  of  the  True-Mean  A- 
nomaly  AFV^  correfpcnding  to  the  angle  of  the 
mean  Anomaly  A  FL  is  found  very  readily,  by 
taking  an  angle  whofe  Tangent  is  to  the  Tangent 

C  c  4  of 
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of  the  mean  Anomaly,  as  the  greater  axe  of  the 
Ellipfe  is  to  the  lefs ;  and  this  will  be  that  which 
h  fought.  For  G  E,  the  Tangent  of  the  angle 
GFE^  is  to  Le  the  Tangent  of  the  Tangent  of 
the  Angle  £.FE,  to  the  fame  radius  FEy  as  DC  or 
CA  to  BC.  And  in  the  Triangle  VFS  (juft  as  in 
the  preceding  Trof,  in  the  Triangle  LFS)  the  Side 
F  Si  the  external  angle  AFv'^  and  fum  of  the 
Sides  FF  and  VS  being  given,  the  coequated  A^ 
nomaly  FSV  is  found,  and  the  Side  VS  the  Di- 
ftance  of  the  Planet  from  the  Sun  corre6l:ed. 
^E.F, 

And  this  is  the  corredion  of  Ward's  Hypothep 
which  Bdlialdus  brings^  and  'tis  well  enough,  if 
it  be  taken  only  for  a  corredion  of  the  approxi^ 
mation  to  the  true  Syftem,  as  it  ought  to  be  j  be- 
caufe  that  hy  which  he  had  effeBedj  that  at  length  the 
coequated  Anomaly  might  he  found  from  the  mean  a  pri- 
ori, and  at  the  fame  time  the  calculation  fatisfy  ohfewa^ 
tion  ;  which  no  one  had  done  before  him  (according  to 
Mercators  judgment )  in  the  Elliptic  Hypothefis, 
But  when  BuUialdus  puts  it  upon  us  as  the  true  and 
genuine  Syftem,  and  derives  the  Phyfical  caufea: 
of  it  (Chap.  g.  and  4.)  after  his  manner  from  the 
Cone,  he  not  only  leaves  the  Foundations  of  his 
Thilolaic  Aftronomy  unexplained,  but  difputes  as  if 
there  were  no  Phyfical  foundations  of  Aftronomy 
atalU 


Proposition  VIII. 

TO  defcrihe  theOrhity  wherein  that  Celebrated  Afiro 
nomer  Dominicus  Caffini,  thinks  a  Vianet  is 
carried  about  the  Sun^  and  to  explain  its  agreement  and 
dif-gr  cement  with  Natural  caufes  and  the  Fh^enomena. 

Let  the  Diameter  ^  JS  of  the  Circle  AKBH 
\_Fig.  8]  be  divided  into  two  equal  parts  in  the 
point  C,  and  thro'  it  draw  an  indefinite  line  DE 
perpendicular  to  AB.    Divide  AB  again  in  G, 

fo 
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fo  that  AG  may  be  to  G  ^  as  the  diftatice  of  the 
Planet  (^whofe  Orbit  is  to  be  defcribefl)  from  the 
Sun  when  it  is  in  its  Aphelion,  to  the  difta nee  from 
the  Sun  when  it  is  in  its  Perihelion ;  and  take  CF 
equal  to  CG.    From  FonAB  let  a  Perpendicular 
FH  be  ereded,  meeting  the  Circle  in  H,    On 
the  Center  F,    at  the  diftance  FHy  defcribe  a 
Circle  cutting  the  indefinite  right  line  D  £,    in 
the  points  D  and  E^  which  are  the  extrearas  of 
the  leffer  Aye  of  the  Orbit  to  be  defcribed.     To 
find  its  other  points,  draw  thro'  F  any  how,  the 
right  line  IFK  meeting  the  Circle  in  I  and  K. 
On  the  Center  F  at  the  diftance  IF  or  KF,  let 
a  Circle  be  defcribed  ;  and  on  the  Center  G,  at  a 
diftance  equal  to  one  of  the  Segments  of  the 
right  line  IFK^  namely  XF  or  IF,  another  Cir- 
cle: the  interfedions  of  thefe  Circles,  L^  L^  L^  L^ 
will  belong  to  the  Orbit.    And  after  this  manner, 
becaufe  two  Circles  are  drawn  upon  both  Cen- 
ters, four  points  of  the  Orbit  will  be  determined 
at  the  fame  time.     After  the  like  manner  its  other 
points  may  be  determined,   by  drawing  other 
right  lines  paffing  thro'  F,  and  bounded  by  the 
Circle  on  both  fides.    Becaufe  the  red:angle  un- 
der the  fcgments  of  the  right  line  drawn  thrp 
the  point  F  and  bounded  by  the  Circle  is  given, 
being  equal  to  the  redangle  under  AF,  FB  (by 
Trop,  ^^,Elem.^  ;)  'tis  evident  that  the  redangle 
under  the  right  lines  FL,  GL,  drawn  from  the 
points  F  an  J  G,  to  any  point  L  of  the  Curve 
ALB  is  alfo  given,  and  equal  to  the  redangle 
under  AF^  FB  or  under  AG,  GB;  and  therefore 
that  ^  G  is  to  G  L  as  FL  to  G  J5  or  FA.    As  in  the 
common  Eliipfe  the  fum  of  the  right  lines  from 
the  Foci  inclined  to  any  point  in  the  Circumfe- 
rence is  given,  fo  the  rea:angle  under  the  right 
lines  drawn  from  the  points  F and  G  to  any  point 
in  the  Curve  AD  BE  is  given^  on  which  account 
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Cajjim  gav.e  the  name  of  Foci  to  thefe  points  F 
and  G. 

He  would  have  this  Curve  t^  be  the  Orbit  of  a 
Planet^  which  it  defcribes  about  the  Sun  placed 
in  the  Focus  G,  fo  as  that  the  angles  at  the  other 
Focus  F  are  proportional  to  the  times ;  which  he 
therefore  calls  the  Focus  or  Center  of  the  mean 
Motion^  as  he  does  the  other  G,  of  the  true  Mo- 
tion, vi^here  he  places  the  Center  of  the  Sun  and 
of  the  World.  On  which  account  any  two  di-» 
ftances  of  a  Planet  from  the  Focus  of  the  true 
Motion  are  reciprocally  as  its  diftances  from  the 
Focus  of  mean  Motion.  In  this  Orbit,  the  true 
Anomaly,  namely  AGL  is  determined  from  th^ 
mean  Anomaly  or  Angle  y^FL,  if  in  the  Trian- 
gle LFG,  the  Bafe  FG,  and  one  of  the  adjacent 
angles  L FG  (the complement  of  AFL  the  mean., 
Anomaly,)  and  the  redangle  under  the  two  other 
fides  FLy  FG  being  given,  the  other  things  may 
be  found. 

This  CaJJinlan  Hypothefis,  briefly  delivered  in  a 
Treatife  of  the  Orlgen  and  Progrefs  of  Afironomj/y  has; 
this Phyfical  difadvantage,  that  tho' a  Planet,  by, 
the  a(5lion  of  a  centripetal  Force  of  a  certain  kind 
toward  the  Sun,  (whofe  Law  may  be  known  by 
Cor.Trof,i^,B.i,)  may  defcribe  the  Orbit  ALDBE 
about  the  fame  placed  in  G,  yet  this  force  will  be 
intirely  different  from  that  ufed  in  molt  of  the 
operations  of  Nature,  and  from  that  whereby  the,. 
common  Ellipie,  having  the  fame  Foci  and  Ver-^' 
tices,  is  defcribed  about  the  Sun  placed  there  ^ 
and  this  over  and  above,  that  a  Planet  defcribingr^ 
the  Curve  ALDy  as  Caffiminppoksy  (namely  fo  as 
that  a  line  FL  being  drawn  every  where  to  the, 
Planet,  the  angle  A  FL  is  made  proportional  to 
the  time)  does  not  all  obferve  that  univerfal  Law 
demonftrated  in  Vrof.ii.  B.  i.  fo  as  to  make  the 
area  ALGy  which  the  radius  GL  proceeding  from 

the 
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the  Sun,  defcribes,  proportional  alfo  to  the  Time. 
On  which  account  this  Hypothefis,  as  well  as  the 
above  defcrib'd  Hypothefis  of  Ward  and  Vaganusy 
is  Phyfically  impoffible.  'Tis  utterly  impoffible 
that  a  Planet,  tho'  it  be  aded  upon  by  any  cen- 
tripetal Force  tending  toward  the  Sun,  fliould  de- 
fcribe  the  Perimeter  of  the  common  Ellipfe,  or 
^of  this  Cajfmian  EWipky  fo  as  that  the  angle  at 
the  Focus  where  the  Sun  is  not  be  alfo  propor- 
tional to  the  Times.  For  this  being  fuppofed,  the 
areas  at  the  Sun  would  not  be  proportional  to  the 
Times,  (as  h'^s  been  fhewn  above  of  the  common 
EUipfe,  and  fliall  be  fliewn  hereafter  of  both) 
"which  notwithftanding  is  done,  as  has  been  de- 
monftrated  in  Trap,  9.  ^.  i, . . . 

But  we  will  demonfirate  that  in  the  Figure  above  de- 
fcribed  AL  DBE  {or  in  any  other  that  is  concave  every 
where  toward  the  Center^  whofe  four  farts  made  by  the 
,  two  axes  are  equal  and  fimilaVy  -  and  the  t7V0  Foci  F 
\Mnd  G  equi^difiant  from  the  Center ^^  every  angle  at  the 
Focus  F  is  not  to  four  right  angles  as  the  area  at  the 
Focus  G  to  the  whole  Figure  A  D  B  E. 

Let  us  fuppofe  the  angle  at  the  Focus  Fto  be 
to  four  right  as  the  area  at  the  Focus  G,  to  the  in- 
tire  Figure  [Fi^.9.]  Draw  the  right  line  FL  per- 
pendicular toyi  8;  by  which  means  the  angle  JFL 
will  be  a  fourth  part  of  four  right,  or  half  of  two 
right,-  and  therefore  the  area  y4LG  will  be  by 
fuppofition  a  fourth  part  of  the  intire  Figure 
ADBEy  or  a  half  of  the  half  ADB^  that  is,  e- 
qual  to  LDBG  what  it  wants  of  half.  From  G 
draw  G  M  parallel  to  F  L,  meeting  the  Orbit 
itiM',  and  then  GM,  from  the  nature  of  the 
Orbit,  will  be  equal  to  FL ;  and  confequently  by 
Trop.  53.  £/.  I.  ML  (which  intirely  falls  within 
the  Curve  ADBE,  fince  by  fuppofition  it  is  every 
where  concave  towards  the  Center  C)  is  equal  and 
parallel  to  GFy  and  (by  Prop.  34.  EL  i,)  the  Tri- 
angle 
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angle  MGL  is  equal  to  the  Triangle  GFL,  And 
fince  the  Figure  AFL  is,  from  the  nature  of  the 
Orbit,  equal  to  the  Figure  BMG;  the  Figure 
ALG  is  equal  to  the  Figure  BMLG^  contained  un- 
der the  right  lines  BG,  GL^  LM,  and  the  Curve 
B  M.  But  it  was  juft  now  fliewn,  that  the  Figure 
BMDLGy  contained  under  the  right  line^  BGy  GL 
and  the  curve  BMDL,  is  equal  to  the  Figure  ALG ; 
and  therefore  the  Figure  B  ML  G  is  equal  to  the . 
Figure  BMDLG  ^  that  is,  a  part  equal  to  the  wholef 
which  is  abfurd.  Therefore  the  Figure  ALG  i$ 
not  a  quarter  of  the  whole  Figure  A  DBE^  when 
the  Angle ^Fl  is  a  quarter  of  four  right;  or  e- 
very  angle  at  the  Focus  F  is  not  to  four  right 
angles  as  the  area  at  the  Focus  G  to  the  whole  Fi* 
gure.    ^E.  D. 

Befides  the  aforefaid  Hypothefis  labours  under 
this  difficulty,  that  the  true  Anomaly,  and  the 
correfponding  mean  Anomaly,  and  the  diftance 
of  the  Planet  from  the  Sun,  do  not  in  the  leaft  a- 
gree  with  the  Phsenomena  in  the  Heavens.  For 
iince  the  common  Ellipfe  does  agree  with  thefe, 
Phenomena,  that  other,  the  Caffinian  one,  which' 
is  of  a  different  nature,  cannot  agree  with  them. 
For  the  place  of  a  Planet,  at  a  given  time,  in  the 
common  Ellipfe  ATBZ^  [Fig,  lo.]  will  differ, 
from  that  in  the  CaJJlnian  Orbit  ADBEy  defcribed 
with  the  fame  Vertices  A,  jB,  and  the  fame  Foci 
Fy  Gy  as  well  in  regard  of  the  true  Anomaly  or" 
Angle  made  with  AB  SitG,  as  of  the  diftance  from . 
the  Sun,  in  refped  of  the  diftance  of  the  Aphelion 
GA,  And  tho'  in  Orbits,  where  the  Excentricity 
is  very  fmall,  the  difference  is  not  very  fenfible ; 
where  the  Excentricity  is  great,  things  are  other- 
wife.  In  the  former  cafe,  the  Circle  A  ^B  Xy 
defcribed. upon  the  diameter  ^B,  almoft  fatisfies 
the  Phsenomena.  Yet  all  Aftronomers  now-a- 
days  acknowledge  that  a  circular  Orbit  is  too 

broad 
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broad  about  the  mean  Longitudes,  as  ^  and  X 
But  this  CaJJlnian  Orbit  ADBEy  on  the  contrary  is 
much  too  narrow  in  thofe  places.     Suppofe  for 
inftance,  ATBZ  to  be  the  common  Ellipfe,  whole 
greater  axe  is  to  the  lefs  as  5'  to  4^  let  zCajJinian 
:  Orbit  ^DJBE,  be  defcrib'd  upon  the  fame  Verti- 
ces and  Foci ;  its  leffer  axe  DE  will  be  lefs  than 
the  leffer  axe  TZ  of  the  true  Elliptic  Orbit,  a- 
bove  a  third  part,  whereas  in  the  mean  while \x 
ijthe  breadth  of  the  Circular  Orbit  exceeds  TZ  by 
'a  leffer  part ;   namely  only  by  a  fourth  parr. 
JTherefore  this  Orbit,  iince  Phylical  reafons  don't 
Tuit  with  it,  (becaufe  it  is  intirely  impoflible  to  be 
i  defcribed  after  the  manner  that  Cajjini  its  Author 
lirequircs,  namely  fb  as  that  the  Angles  at  the  other 
Focus,  than  where  the  Sun  is,  may  be  proportional 
tothe  Times  ^  for  thus  the  area  defcribed  by  the  ra- 
plus  would  not  be  proportional  to  the  Time:  Nay, 
to  defcribe  it  at  any  rate,  a  Centripetal  force  to- 
wards the  Sun  is  neceffary    that  is   altogether 
different  from  that  which  is  ufed  by  nature,  which, 
Kke  every  other  natural  Virtue,  propagated  from 
a  Center  or  to  a  Center,  in  right  lines  thro'  the 
circum-ambient  fpaces,    is    reciprocally  as  the 
Square  of  the  diftance,)  and  (ince  the  Orbit  does 
hot  agree  with  the  Phsenomena  and  Celeftial  OJ?- 
fervations,  by  reafon  of  the  fliortnefs  of  the  lef- 
fer  axe,  and  the  narrownefs  of  the  middle  Orb 
arifing  from  thence^  it  ought,  I  fay,  to  be  thrown 
out  of  Aftronomy. 

Since  the  celebrated  Mr.  Cajjlniy  in  his  before- 
mentioned  Treatife,  propofed  to  Aftronomers  this 
Curve,  as  the  Orbit  of  a  Planet,  there  have  been 
Various  difputes  about  the  nature  thereof,  and  the 
taw  of  Gravity  requifite  to  defcribe  it.  In  my 
fecond  thoughts  upon  it,  its  different  Species,  and 
■fome  properties  of  them  not  fufficiently- known, 
prefented  themfelyes  to  me. 

'Tis 
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'Tis  fufficiently  known  that  this  is  the  nature 
of  this  Orbit.  If  from  two  given  points  Fand  G 
^Fig.  IT.]  to  any  point  Hof  the  Curve,  the  right 
lines  FHy  GH  be  drav/n  ;  the  redangle  under 
F  Hy  G  H  is  equal  to  a  given  fpace.  The 
right  line  FG  produced  both  ways  till  it  meets 
the  Curve,  ftiows  the  Vertices  A  and  B-^  and  AB 
is  the  principal  Axe  ;  and  the  point  C  which  is 
the  middle  between  the  Vertices,  is  the  Center  of  i 
the  Figure^  and  DE  thro'  C  perpendicular  to  AB', 
the  leffer  axe  •  and  the  points  F  and  G  the  Foci. 

In  this  Figure  if  the  lelTer  axe  exceed  the  di- 
ftance  of  the  Foci,  the  Curve  terminating  the 
Figure  is  every  where  concave  towards  the  Cen- 
ter, as  it  is  commonly  taken  to  be.  If,  the  princi- 
pal Axe  remaining  the  faqie,  the  diftance  of  the 
Foci  is  leffen'd,  the  leffer  Axe  will  be  encreafed, 
but  it  continues  lefs  than  the  Axe  of  the  Ellipfe 
defcribed  upon  the  fame  principal  axe  and  the 
fame  Foci,  till  at  length  the  Foci  meeting  it  be- 
comes equal  to  the  greater  axe,  and  the  Figure 
turns  into  a  Circle.  But  if,  on  the  contrary,  th6 
diftance  of  the  Foci  be  increafed,  the  leffer  axe. 
will  be  leffened,  and  will  become  equal  to  the 
faid  diftance,  fmce  the  diftance  is  to  the  principal 
axe  as  unity  to  a  mean  proportional  between  u- 
nity  and  three. 

If  the  diftance  of  the  Foci  be  farther  encreafed,' 
the  leffer  axe  will  ftill  be  leffened,  and  the  Curve 
will  be  no  longer  concave  towards  the  Center 
but  convex,  at  the  extremities  of  this  axe,  as  in 
Fig  12  ^  rill  the  diftance  of  the  Foci  being  fo  far 
increafed,  that  it  is  to  the  greater  axe  as  the  Side 
of  a  Square  to  the  Diagonal  of  the  fame,  the 
leffer  axe  vi^ill  become  nothing,  and  the  Curve 
reach  to  the  Center  on  each  fide. 

If  the  diftance   of    the  Foci  be  greater   than: 
in  the  faid  ratio,  the  leffer  axe  is  impoffible,  and 
the  Figure  turns  into  two  conjugate  ones,  as  in 


Book  IIL     of  A  s  T  R  o  N  o  M  yJ      3  99 

fig.  15.  which,  upon  the  increafe  cf  the  diftance 
of  the  Foci,  will  be  leffened,  till  at  length  the 
Figure  run  into  two  conjugate  points. 

The  diftance  of  the  Foci  increafing,  the  two  con- 
jugate Figures  do  again  emerge,  and  they  increafe 
after  the  fame  manner  as  they  decreafed  before, 
differing  from  the  former  in  the  order  of  the 
Foci  and  of  the  Vertices,  and  are  increafed  till 
they  become  infinite.  And  afterwards  this  Sy- 
ftem  will  again  approach  to  a  Circle  iy  the  fame 
degrees  as  it  receded  from  it. 

From  what  has  been  faid,  'tis  evident  at  firfl: 
fight,  that  this  Figure  is  by  no  means  lit  to  be  the 
Orbit  of  a  Planet.     Not  to  mention  the  cafes 
I  wherein  it  paffes  into  two  conjugate  Figures,  and 
lays  afide  the  nature  of  an  Orbit,  namely  where- 
foever  its  Excentricity  is  fo  great,  as  Comets  (if 
they  revolve  round  the  Sun  like  Planets,  as  is  moft 
probable)  require  to  defcribe  their  courfe :  to  pafs 
over  thefe  cafes,  I  fay,  there  are  alfo  in  thofe 
cafes,  where  it  returns  into  it  felf  and  makes  an 
I  Orbit,  fome  with  an  Excentricity  fo  large,  as  that 
I  the  Curve  near  the  points  D  and  E  [Fig,  12.]  be- 
ll comes  convex  towards  the  Sun  •  and  therefore 
sj  the  Planet  would  need  a  Centrifugal  force  from 
b,  the  Sun  to  defcribe  this  part  of  its  Orbit,  where- 
j  as  in  the  mean  while,  in  the  nearer  and  more  re- 
1  mote  places  B  and  J^  a  Centripetal  force  towards 
!  the  Sun  is  requifite.    That  is,  that  the  circumfolar 
bodies  may  be  moved  by  that  Law,  it  muft  be 
[granted,  that  in  equal  diftances  from  the  Sun, 
i  here  the  force  is  centripetal,  but  there  centrifugal ; 
I  which,  how  foreign  it  is  to  all  the  Laws  of  Na- 
il ture,  any  body  may  eafily  fee.     And  tho'  the  Ex- 
Si  centricity  of  no  Planet  be  fo  great,  yet  'tis  well 
»|  known  to  Geometers,  that  of  a  Figure,  all  whofe 
Species  beyond  a  certain  limit  are  unfit  for  the, 
difcharging  any  office  in  nature,  the  remaining 

Species 
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Species  on  this  fide  of  that  limit,  can't  be  admit- 
ted as  fit  for  that  office.     'Tis  necelfary  that  this 
CaJJlnian  Curve  be  thrown  out  of  Aftronomyy  not  only 
upon  the  account  of  the  reafons  mention  d  be- 
fore in  this  Propoficion,  namely,  hecaufe  h  does  not 
agree   with   CeleJHal  Obfervations^     by  reafon  of  th&  ■ 
Jhortnefs  of  the  leffer  axcy  and  no  Vhyfical  reafons  an*  \ 
fwer  ity  fince  to  defcribe  it  there  would  be  need  of  a 
ientrifetal  force  toward  the  Sun,  intirely  different  from 
that   made  ufe  of  by  Nature^  but  becaufe  of  its  ab- 
folute  impoffibility.   For  it  is  impoffible  that  any  ' 
Species  of  this  Figure  can  be  defcrib'd  by  a  Pla* 
tietjfo  as  that  the  angles  at  the  other  Focus,  where 
the  Sun  is  not,  may  be  proportional  to  the  times  | 
for  thus  the  area  defcribed  by  the  radius  that  car* 
lies  the  Planet  along  would  not  be  proportional 
to  the  Time.     For  'tis  not  true  that  increafing 
the  angle  at  one  Focus  by  equal  increments,  the 
increments  of  the  area  made  at  the  other  at  the  fame ' 
time  will  alfo  be  equal,  as  I  thought  not  long  ago. 
In  the  Figures  12  and  15,  the  greateft  breadth 
of  the  Figure  is  found,  by  defcribing  a  Circle' 
upon  the  Center  C  thro'  the  Foci  5  for  it  will  cut 
the  Curve  in  the  points  fought  L,  L.     And  the 
greateft  Ordinate  i^L  is  a  third  proportional  to 
the  right  lines Gi^ and/** D,  in  the  firft  of  them^ 
or  a  fourth  proportional  to  the  right  lines  G  Z^,. 
G^,  and  ^i^  in  both. 

If  DE  remains  in,  being,  the  Ordinate  from 
the  Focus  FP  is  equal  to  the  leffer  Semi-axe  CD, 
wh^n  the  leffer  axe  is  to  the  diftance  of  the 
Foci,  as  the  Side  of  a  Square  to  its  Diameter. 
If  the  diftance  of  the  Foci  be  greater  th^n  in  that 
ratio,  Fp  will  exceed  C  D. 
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Section   II* 

Concerning  the  determining  the  Orbit  of  the 
Earth,  and  the  Theory  of  the  Earth  feen 
from  the  Sun,  or  of  the  Sun  feen  from  the 
Earth. 

pROPOStTION     I5C. 

TO  define  hjf  ohfer^uation^  the  Sfecies  of  the  Orhlt  of 
,  the,  Earth,  and  the  Fo/ttion  of  its  Axs^  as.  alfo  the 
Teriodic  Time  of  the  Earth. 

One  defign  of  this  Book  being  to  determine  the 
Species  of  the  Orbits  of  the  Primary  Planets  a* 
bout  the  Sun  ;  the  Orbit  we  ought  to  begin  with 
is  that  of  the  Earth  about  the  Sun,  as  well  becaufe 
it  is  the  fame  with  that  which  the  Sun  feems  to 
defcribe  in  the  fpace  of  a  Year  about  the  Earth, 
as  efpecially  becaufe  the  Species  and  Pofition  of 
this  is  neceflary  to  determine  the  fame  things  in 
the  reft  of  the  Planets.  For  fince  the  Eye  of  the 
Obferver  is  carried  along  together  with  the  Earth, 
^''[iz  Way  of  the  Earth  ought  firft  of  all  to  be 
know%  if  you  would  be  well  acquainted  with  the 
|Ways  of  the  other  Planets. 

Let  the  apparent  motion  of  the  Sun  be  obfer- 
red  in  the  Ecliptic,  when  he  is  fwifteft^  that  is, 
j«rhen  in  a  given  fpace  of  time  it  defcribes  the 

?*reateft  arc  toward  the  Eaft ;  for  in  that  cafe  (by 
oKZ.ProP.^.i.B.i.)  the  Earth  is  in  the  Perihelion  P 
tfig'  14. J  but  when  its  motion  is  found  to  be  flow- 
feft  the  Earth  is  in  the  Aphelion  J.    But  the  place 
f  the  Earth  feen  from  the  Sun  is  exadly  oppofite 
the  place  of  the  Sun  obferved  from  the  Earth, 
,nd  therefore  the  place  in  the  Ecliptic  of  the  A- 
elion  and  Perihelion  of  the  Earth  (cqh  from 
D  d  the 
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the  Sun  is  had  ;  that  is,  the  Pofitioti  of  the  line  of 
the  Apfides  of  the  Earth.  But  in  Book  2^  we 
fliew'd  how  the  places  of  the  Fix  d  Stars  in  refped: 
of  the  Ecliptic,  that  is,  the  cardinal  and  other 
points  of  the  Ecliptic  might  be  determined  in  re-. 
fpecft  of  the  Fix  d  Stars,  from  whence  the  Pofiti- 
on  of  the  line  of  the  Apfides  of  the  Earth  among 
the  Fix'd  Stars  will  be  found.  The  fame  may  be 
done  by  bifeding  the  angle  contained  between 
two  right  lines  drawn  to  two  places,  where  the  ap- 
parent motions  of  the  Sun  from  the  Earth  per- 
formed in  a  given  time  are  equal ;  for  fuch  points 
are  equidiftant  from  the  points  of  the  Aphelion  and 
l^erihelion.  To  find  the  Species  ofthe  Orbit,  you 
muftobferve(by  Cor.^.?r,^i,B.j.)th2Lt  the  apparent 
motion  of  the  Earth  in  the  Aphelion  A  feen  from 
the  Sun  in  the  Focus  5,  is  to  the  apparent  motion 
of  the  fame  in  the  Perihelion  P,  as  SP  %  to  SA% 
And  fince  the  apparent  motion  of  the  Earth. 
leen  from  the  Sun,  is  the  fame  with  the  motion 
ofthe  Sun  feen  from  the  Earth  ;  from  the  obfer- 
vation  of  this,  while  the  Earth  is  in  the  Aphelion 
and  Perihelion,  the  ratio  of  5^^  to  5P^  will 
become  known,  and  confequently  its  fubdupli- 
cace  SA  to  S  P  ;  by  compounding  and  dividing 
them,  you  will  have  the  ratio  of  S A -{-SP  to  SP, 
and  SAS P  to  S P  s  ov  of  AP  to  SP,  and  ffup- 
pofing  F  to  be  the  other  Focus)  of  SF  to  5P, 
and  confequently  the  ratio  of  AP  to  FS  is  alfo 
given. 

The  fame  things  may  be  determined  from  the 
obfervation  of  the  apparent  Semidiameter  of  tha 
Sun ;  For  the  Earth  is  then  in  the  Aphelion,- 
when  tlie  apparent  Semidiameter  of  the  Sun  is' 
the  lead  ;  and  confequently  the  place  of  the  Surt 
oppofite  to  the  place  then  obferved,  is  the  place;' 
of  the  Aphelion  feen  from  the  Sun:  and  after  the 
fame  manner  of  the  Perihelion.     The  middle 

point 


Book  111.     of  A  si  K  0  N  b  M  i:l     403 

point  alfo  between  the  two  points,  where  the 
Sun  is  of  the  fame  apparent  diameter,  fllews  the 
place  of  the  Aphelion  or  Perihelion  of  the  Earth| 
all  which  are  too  plain  to  infill  upon^ 

To  determine  the  Species  of  the  Ellipfe,  let 
DI  be  the  diameter  of  the  Sun  fituaced  in  the 
Focus  5.  And  the  angle  D  ^4  /  is  to  the  angle 
DP  J,  as  SP  to  S^  ;  but  the  two  firft  terms  of 
this  Proportion  a,re  given  ;  therefore  the  ratio  o£ 
5  P  to  5^  is  known  :  From  whence,  as  before, 
the  ratio  fought  oi  AP  to  F  5,  determining  the 
Species  of  the  Ellipfe,  may  be  drawn.  Inftead  of 
the  apparent  diameters  or  femidiameters  of  the 
Sun,  meafured  by  the  Angles  or  Arcs,  the  Tan^ 
gents  of  the  angles  DAS,  DV  S,  of  the  apparent 
femi-diameters  may  be  taken,  as  being  evidently 
more  exad. 

Bcfides,  the  fpace  of  time  between  the  mo- 
I  ments  immediately  following,  wherein  the  Earth 
i  was  at  the  fame  Apfis,  to  be  determined  from 
j  what  has  been  faid  in  this  Propofirion,  is  the  pe- 
riodic Time  of  the  Earrh.    But  this  will  be  bet-^ 
jter  determined,  if  fuch  moments  are    ufed  as 
are  at  the  greateft  diftance  from  one  another  as 
may  be,  and  the  intermediate  time  be  divided 
by  the  number  of  the  revolutions   the  Earrh  has 
hiade  in  the  mean  while  about  the  Sun ;  for  then 
the  Time  of  one  revolution   of  the  Earth  will 
eome  out. 

Proposition  X. 

TO  determine  the  Time  of  either  Equinox  hy  Oh^ 
ferijation. 
Juft  about  the  Equinox  obferve(byPrpf.i  8.5.2.) 
the  Sun's  declination,  which  if  it  be  nothing  at 
all,  will  then  be  the  Time  of  the  Equinox  itfeif : 
But  if  any  thing,then  from  thence(by?ro/j.2d,5.2.) 
the  place  of  the  Sun  in  the  Ecliptic  will  be  found. 
Let  the  fame  be  repeated  again,  or  even  a  third 

D  d  a  time 
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time^  at  fome  diftance  of  time  between.  And 
by  the  help  of  the  places  thus  found  and  of  the 
intermediate  time,  the  Time  of  the  Equinox  itfelf 
will  be  found. 

In  the  performing  this  and  fuch  like  Problems, 
the  obfervations  of  the  Sun  are  to  be  corred:ed,> 
("as  always;  by  the  Parallax  and  the  correfpond- 
ing  Refradion^  and  all  other  things  are  to  be 
cautioufly  avoided,  that  may  render  the  calcu- 
lation uncertain  ;  i;.  g,  not  two  obfervations* 
made  on  the  fame  fide  of  the  Time  which  is  to 
be  determined  ;  but  rather  two  obfervations, 
whereof  one  precedes  and  the  other  follows  the 
Equinox,  are  to  be  made  choice  of. 

Proposition  XI. 

^nr^  O  determine  thtTime  of  either  Solfiice. 

Becaufe  the  Tropic  touches  the  Ecliptic  in 
the  Solfticial  point,  the  ly^^  Figure  will  repre- 
fent  the  little  portion  of  the  Tropic  and 
Ecliptic  near  the  Solftice ;  where  TR  is  the  Tro- 
pic;  EC  the  Ecliptic  touching  it  in  the  Solfticial 
point  5,  and  the  little  right  lines  dl,  J/  perpen- 
dicular to  TRy  will  reprefent  the  deviations  of 
the  points  of  the  Ecliptic  /,  /  from  the  Tropic, 
or  the  changes  of  their  Declinations :  In  which 
cafe,  the  little  right  lines  dl^dl  are  (hy  Vrof.  24. 
Book  I.)  as  the  fquares  of  the  Arcs  Sly  S  ly  or  of 
the  right  lines  S  dy  S  d^  being  nearly  equal  to 
them  refpedively.  On  which  account  a  fmall 
portion  of  the  Ecliptic  near  the  Solftice  5,  will 
not  fenfibly  differ  from  the  Parabola  E  S  C  y  that 
Is  a  Figure,  whole  property  it  is  to  have  dl  eve- 
ry where  as  the  fquare  of  the  right  line  S  d  re- 
fpedtively.  Again,  the  Arcs  S  I,  S  I  are  as  the 
times  wherein  they  are  defcribed  by  the  Sunl 
For,  fmce  the  Apfides  of  the  Elliptic  Orbit,  which 

the 
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the  Sun  defcribes  as  to  fenfe,  continue  at  this 
time  pretty  near  the  Solfticial  points,  the  ap- 
parent motion  of  the  Sun  will  be  equable ;  that 
is,  the  arcs  S  l^  S I  will  be  as  the  times  wherein 
they  are  defcribed.  From  whence  it  may  be 
fairly  inferred,  that  a  portion  of  the  Ecliptic 
near  the  Solftice  (fuppofe  that  portion  which  the 
Sun  defcribes  in  about  ten  days,  five  before  and  as 
many  after  the  Solfl:ice,)does  not  at  all  differ  from 
tho  Parabola  Slly  lFlg.16.']  in  which  the  Abfcif- 
fa*s  SP,SParQ  whatthe  Declination  of  the  Sun 
every  moment  wants  of  the  greateft  Declination; 
confequently  their  differences  TPy  FP  are  as 
the  differences  of  their  Declinations  themfelves ; 
that  is,as  the  intervals  of  the  Altitudes  of  the  Sun 
above  the  Horizon,  (  or  of  the  diflances  of  the 
fame  from  the  Vertex  )  in  the  Meridian  or  any 
other  vertical :  And  the  Ordinates  P  l^  Pi  are 
refpe<5lively  as  the  times  wherein  the  Sun  ac- 
quires  the  forefaid  Declinations,  and  the  intervals 
of  the  one  are  as  the  intervals  of  the  other. 

Thefe  things  being  demonflrated,  let  a  Gno* 
pen  A  B  [_Fig,  17.]  be  erected,  whofe  fliadow 
in^de  by  the  Sun  when  "'tis  near  either  of  theSol- 
ftices  and  received  upon  the  Plane  CD  (to 
which  a  right  line  B  H,  conneAing  the  Sun  and 
the  Vertex  of  the  Gnomon  B,  is  aimofl  per- 
pendicular) marks  out  the  point  H :  Some  fev/ 
days  after  (for  inflance,  three  or  four)  obferve 
^gain  the  point  where  the  fhadow  of  the  extre- 
mity B  falls,  when  the  Sun  is  upon  the  fame 
Vertical;  and  let  that  be  F:  And  let  the  like 
obfervation  be  repeated  again,  and  the  point  ob- 
ferved  be  G  :  Now  from  thefe  three  points  H,  F,  G 
being  given,  the  time  of  the  Solflice  itfelf  is  to 
[be  found.  'Tis  evident  that  the  right  lines  HF, 
\G  F  are  the  intervals  of  the  diftances  of  the  Sun 
in  the  fame  Verucal  from  the  Horizon,  or  from 
D  d  J  the 
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the  Vertex ;  (that  is,  by  what  has  been  (hewn  a- 
bove,  the  changes  of  the  Declination. )  For 
FG  H  doe§  not  in  the  lead  differ  from  an  Arc 
of  a  Circle  defcribed  upon  the  Center  B  wich 
the  diftance  B  G,  becaufe  the  Angles  FBG,  HBG^ 
are  very  fmall.  And  if  inftead  of  the  Plane  CD, 
to  which  BG  is  perpendicular,  the  Ihadow  Ihould 
be  taken  upon  any  other  Plane  C  E  inclined  to 
C  D  by  the  apgle  JD  C  E,  net  a  very  great  one  ; 
for  initance,  in  the  points  h^fyg^^  the  right  lines 
^fi  gf  will  have  the  fame  ratio  to  one  another, 
as  HF,  GF^  becaufe  the  right  lines  f  Fy  g  G^ 
h  Hy  are  almoft  parallel ;  fince  they  meet  on- 
ly in  the  point  B,  v/high  is  at  a  diftance  great 
enough  in  refpeft  of  the  diftances  fF,  gGy  h  H.  " 
The  Problem  therefore  for  finding  the  Solftice 
from  the  Points  F,  G,  H  given,  together  with  the 
moments  of  Time,  wherein  the  Sun,  placed  in 
the  fame  Vertical,  cafts  the  fliadow  of  the  point 
B  to  them,  is  reduced  to  the  following  Problem, - 
which  is  purely  Geometrical. 

The  diftances  A  T,  T  E,  [  Fig.  i8.  ]  of  three 
parallel  right  lines  A  B,  T  Y,  E  S,  lying  in  the  ' 
fame  VLne  being  gi^en ;  to  defcribe  the  VaraboU 
KLM,  -whofe  Axis  CVD  is  parallel  to  AB,  TY,  ES, 
that  c^/ts  them  in  the  points  K,  L  and  M,  /o  as  that, 
drajmvg  the  Ordinates  to  the  Axe^  Iv  H,  L  F,  M  G, 
the  portions  F  G  and  F  H  of  the  axis  intercepted  hy 
them,  may  be  equal  to  gi'ven  right  lines. 

For  by  this  means,  (if  FG  and  FH  are  equal  to 
FG,  Fi:r  marked  out  by  the  obfervation  defcribed 
above,  and  the  ratio  cf  ATtoTE  the  fame  with 
the  ratio  of  the  Time  between  the  obfervation 
of  the  points  H  and  F,  to  the  Time  between  th^ 
obfervation  of  the  points  F  and  G)  K  H,  L  F, 
MG  will  reprefent  the  Times  between  the  ob^ 
fervations  of  the  points  H,  F  and  G,  and  the 
moment  itfelf  of  the  Solftice  j  that  is,  as  the  points 
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4^T^  and  E  reprefenting  the  moments  of  the 
Time  wherein  the  Shadow  of  the  Gnomon  was 
obferved  in  the  points  H,  JP,  and  G,  the  point 
C  will  reprefent  the  moment  of  the  Solftice  itfelf. 
Call  the  Line  AT^  a;  TE,  h;  FH,  c  ;  FG,  d; 
TCy  X.  Therefore  AC  on  KH  :=z  a  Ji^  Xy  and 
EC  or  GM^b^oQ.  Call  the  principal  Latr^s 
return  of  the  Parabola,  r.  Then  from  the  na- 
ture of  the  Parabola  :«^=rFxr,    and  there- 


fore VF^  — .    After  the  like  manner  VH  = 


r 


£±i5ii±±\  and  VG  -  ^llZll±±£. 

r  r 

Wherefore c=  CFH,s=  VH^ VF^)  ^^  ^"""^  i 

and  ^  =  (  FG  =  VG — ^^2=  )  — =^— .    And 
getting  away  r,  by  the  help  of  thefe  two  Equa- 

dons^  you  will  find ——  = ^ •  And 

ordering    the  Equation    as   is  ufual^  x  will  be 

5="~"T— r;    that  is.  the  fpace  of  time  between 

the  known  moment  reprefented  by  T^  (namely^ 
when  the  fhadow  of  the  Gnomon  was  obferved 
in  Fy)  and  the  moment  of  the  Solftice  fought^ 
from  whence  the  time  of  the  Solftice  itfelf  will  be 
given.    ^E.  F. 

But  if  the  time  between  the  obfervation  of  the 
Shadow  in  H,  and  the  Solftice  itfelf  be  fought,  add 
AT  to  TO  found,  and  the  fought  HC  =z(a^x=:) 

b-c  A'2abC'^a^d       .^         ,      ...  ...  „ 

■         ,  , — r~~".    After  the  hke  manner  will  E  C 

2ad'^2bc 

be  =1  (  ^— ;c=  )  — ~-  ,-T7— -.    But  if  the  or- 

der  of  the  obfervations  be  fuch,  as  that  the  obfer- 
vation of  the  Shadow  of  the  Gnomon  in  F  is  ex- 
Dd  4  aitly 
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aaiy  in  the  middle  between  the  obfervations  of 
the  fame  in  H  and  G  ;  that  is,  if  AT:=:TE^  or 
^=^,  the  Equation  will  be  more  fimple  ;  for  rhe 
the  diftance  of  the  Times  of  the  Solftice  and  of 

the  Shadow  obferved  in  F  will  be  equal  to  ^^^>^- 

the  diftance  of  the  Solftice  from  the  time  of  the 

obfervation  of  the  Shadow  in  H  equal  to  jy— -^ 

and  from  the  moment  of  the  obfervation  of  the 

Shadow  in  G  equal  to  ^^-.    "^  ,;  that  is.  in  theFi- 

gure,  as  2  FH  4- 2 FG  to  GH  or  4H.F-"2GF  to 
GH,  or  2  HF—  GH  toiGB,  fo  is  the  half  of 
the  time  between  the  firft  obfervation  of  the  Sha- 
dow in  Hand  the  laft  obfervation  of  the  fame  in 
G,  to  the  time  between  the  middle  obfervation 
of  the  Shadow  in  F  and  the  moment  of  the  Sol- 
ftice icfelf  fought. 

The  fagacious  Mr.  EJrfi.  Halky  firft  found  out 
and  publiftied  this  method  of  determining  the 
times  of  the  Solftices,  in  the  Thilofph,  Ttanf^UHot 
the  beginning  of  the  Year  169^  ;  and  illuftrated 
it  by  the  example  of  twoSolftices  determined  by 
this^  from  the  Obfervations  of  JVahber  and  Gajfen- 
dus  ;  where  he  takes  notice  of  feveral  things  well 
worth  obferving  in  the  Practice,  concerning  the 
fituation  and  advantageous  form  of  the  Gno- 
mon, and  concerning  the  accurate  obfervation 
of  the  Shadow,  and  other  things. 


T 


Proposition  XII. 
O  defne  the  quantity  of  the  Tropical  Tear. 


Since  the  Tropical  Year  is  that  fpace  of  time 
wherein  the  fame  Seafons  of  the  Year  return  a*^ 
gain ;  that  is^  wherein  the  Sun  departing  from  a- 
ny  point  of  the  Ecliptic  (for  inftange  th^t  where- 
in 
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in  it  touches  the  Tropic)  returns  to  it  again;  'tis 
evident  that  its  quantity  will  be  determined,  if 
the  Sun  be  twice  obferved  in  the  fame  point  of 
the  Ecliptic,  (for  inftance,  twice  in  the  fatne  E- 
quinox,  by  Trop,  jo ^  or  in  the  fame  Solftice,  by  the 
1 1*^1^,)  and  the  intermediate  time  be  divided  by  the 
number  of  revolutions  of  the  Earth  about  the 
Sun  made  in  the  mean  time.  If  there  be  any 
error  in  determining  the  rnoment  of  the  Equinox 
or  Solftice,  that  it  may  not  diforder  the  meafure 
of  the  Tropical  Year,  'tis  proper  to  make  ufe  of 
fuch  Equinoxes  or  Solftices  as  are  at  the  greateft 
diftances  from  one  another,  fo  that  the  error  di- 
vided into  fo  many  parts  (by  the  divifion  made  by 
^  great  number  of  intervening  Revolutions ) 
inay  become  infenfible. 

But  becaufe  the  Times  of  the  Solftices  feem'J 
difficult  to  the  Ancients  to  be  difcerned,  as  Ptole^ 
^wy  himfelf  fays,    who  therefore  paifed  over  the 
Solftices  of  Meton  and  Eu5lemon  and  Ariftarchus  him- 
felf -  which  alfo  feem'd  fo  true  to  the  Moderns, 
th2itRicciolus  afferted  that  Vtokmy  was  too  confident 
in  hoping  that  neither  hxmkli  nov  Archimedes  had 
j  erred  fo  much  as  a  quarter  of  a  day  in  their  obfer- 
vation  or  computation  in  the  Solftitials;     and 
Heveltm^  Chap,  4.  Trod.  Afirofs:  hys;  That  the  Solfii^ 
ces^  tho  they  he  obferved  by  the  hefi  andgreatefi  Infiru- 
wentSy  and  e'ven  fhe  mofi  experienced  Obfer^er^  can  ne-< 
'ver  he  determined  in  their  fmallefi  farts :  Aftronomers 
have  made  ufe  of  the  Obfervations  of  the  Equi- 
xioxes,  whofe  moments  they  thought  more  accu- 
rately determinable,  on  the  account  of  the  vaft 
and  fenfible  change  of  the  Declination  of  the  Sun 
^bout  the  times  of  the  Solftices.    But,  by  the 
help  of  the  preceding  Method,  the  times  of  the 
Solftices  themfelves  rhay  hereafter  be  determined, 
at  leaft  as  accurately  as  thofe  of  the  Equinoxes, 

Where- 
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Whereas  the  Sun  feems  to  move  fometimes 
flower  and  fometimes  fwifter,  (according  to  the 
different  velocity  of  the  Earth  about  the  Sun  J  if 
inftead  of  that,  it  be  imagined  to  move  equably, 
fo  as  to  defcribe  the  Ecliptic  in  the  time  deter- 
mined by  this  Propofition^  fuch  a  motion  is  very 
fitly  called  its  Mean  Motlony  (being  really  fuch  an 
one  between  the  fwifteft  and  floweft,)  and  the 
place  the  Sun  is  thus  in,  is  called  its  JM^ean  Place. 

Proposition  XIII. 
r  I  ^O  determine  the  quantity  of  the  Sydereal  Tearl 

By  comparing  the  place  in  the  Ecliptic  a  Fix*4 
Star  was  formerly  in,  with  its  prefent  place,  find 
the  Annual  preceffion  of  the  Equinox ;  that  is, 
how  much  each  point  of  the  Ecliptic  recedes 
from  a  given  Fix  d  Star  towards  the  Weft  in  the 
fpace  of  one  Year,    which  was  done  in  Book  2. 
Trof.  ;i  :  And  by  the  preceding  Propofition  de- 
termine the  fpace  of  Time  requifite  for  the  Sun 
to  defcribe  an  arc  of  the  Eclipse  equal  to  the  Pre- 
ceffion  thus  found.    This  therefore  added  to  th$ 
quantity  of  the  Tropical  Year,  gives  the  quanti- 
ty of  the  Sydereal  Year,  which  confifts  of  the 
Tropical  Year,  wherein  the  Sun  departing  from 
a  point  of  the  Ecliptic  returns  to  the  fame,  that 
has  in  the  mean  while  moved  a  little  way  forwards 
to  meet  it,  and  of  that  befides  wherein  the  Sun 
defcribes  that  arc  thro'  which  the  faid  point  of 
the  Ecliptic  moved  to  meet  the  Sun ;    that  is, 
wherein  the  Sun  departing  from  an  immovable 
^point  ffor  inftance,  a  Fix  d  Star)  feems  to  return 
again  to  it. 


Pro- 
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Proposition  XIV. 

THree  places  of  the  Sun^  determined  hy  Prop,  lo, 
B.  z.  and  the  VeriodicTime  of  the  Earthy  which 
is  'Very  nearly  equal  to  the  Syderial  Yecir^  determined  by 
the  f  read.  Prop,  being  given^  to  find  the  Species  ofths 
Orbit  of  the  Earthy  the  Situation  of  the  line  of  ths 
Ap fides  J  and  the  Time  7i^hen  the  Earth  is  in  the  Jphe- 
llion. 

j  The  methods  laid  down  in  Prop.  9.  for  finding 
the  Species  and  Pofition  of  che  Orbit  of  the  Earth, 
;require  fuch  accurate  obfervations  that  they  are 
jhardly  fit  to  be  put  in  pradice :  We  (hall  therefore 
add  the  following  one  better  fitted  for  Aftronomic 
lufes.  Let  there  be  given  three  Places  of  the  Sun 
by  obfervation,  namely  when  the  Earth  is  in  the 
ithree  points  S,C,D  of  its  Orbic  [F/g^.  19.]  Therefore 
|the  three  lines  SB,  5C,  SD  are  had  by  pofition, 
|or  the  three  angles  BSCy  CSD,  BSD.  And  the 
Period  of  the  Earth  being  given,  together  with 
the  Times  between  the  obfervations,  the  ratios 
between  the  whole  area  of  the  Ellipfe  ACT B 
iand  its  parts  BCS,  CDS  and  B DS  zrc  alfb  given. 
jThe  Problem  therefore  is  reduced  to  this,  to  de- 
jjfcribe  fuch  an  Ellipfe  upon  a  given  Focus  5,  as 
jithat  its  whole  area  ftiould  be  to  its  parts  contained 
tinder  the  right  lines  given  by  pofition,  SB,  5C, 
SDy  and  the  Curve  of  the  Ellipfe,  in  given  ra- 
tios. 

Let  A?  then  be  the  Orbit  of  the  Earth,  S  and 
Pits  Foci,  A  its  Aphelion,  P  its  Perihelion.  On 
the  Center  S  imagine  a  Circle  defcribed  by  a  ra- 
dius equal  to  the  greater  Axe,  the  Circumfe- 
rence whereof  cutting  the  right  lines  SB,  5C, 
S  D  produced  in  R,  Z  and  T.  Join  the  right 
lines  F^,  FC,  FD,  FR,  FZ,  FT;  and  produce 
bne  of  thtm  Z  F,  untill  it  meet  the  Circumfe- 

lence  again  in  G,  and  join  2^  G,  GT,  TZ,  Z  R. 
r  ^        If 
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If  AC  DP B  be  the  ^rjxe  Orbit  of  the  Earth, 
then  rby  Frop,  f.J  the  Angled  BFC^  CFD,  BFD^ 
will  be  refpedively  to  four  right  angles  nearly  as 
the  Times  between  the  obfervations  to  the  Perio* 
die  Time:  And  on  the  contrary,  if  the  faid  ra^ip 
hold  in  thefe  angles,  >4C DP iB  is  the  Orbit  of  thq 
Earth  fought.  What  remains  therefore  to  be  done 
is,  CO  find  the  Pofitioii  of  the  right  line  SFoti 
A?^  and  the  Species  of  the  Ellipfe,  by  havings 
given,  befides  the  angles  BSC,  CSD  and  BSD,> 
the  ratios  alfo  of  the  anglesB  FC,  QFD  and  BFD/ 
$Q  four  right  angles. 

Since  there  are  given  the  angles  RSZ^  Z^T,  RST^ 
namely  the  obferved  differences  of  theLo|igitudes, 
and  the  angles  BFC^  CFD,  BFD^  namely  the  Mean 
motions  of  the- Earth  almoft  for  the  fpaces  of 
the  times  between  the  Obfervations ;  therefore 
there  are  alfo  given  RFZy  ZFT,  R FT  Arith^ 
meticsfl  Proportionals  between  BFC  and  RSZy 
CFD  and  ZST,  ^FD^  a|id  l?Sr  refpeaively. 
For  fince  SR  is  equal  to  AP^  by  conftru^ion,  and 
the  fum  of  the  right  lines  SB  and  B  F  equal  to 
the  fame,  (by  Prep,  5:2.  B.  3.  of  the  Conies  of  ApoWO" 
nius)  B  R  and  B  F  will  be  equal  5  and  after  the 
like  manner  may  CZ^  CFy  as  alfo  the  right  lines 
D  r,  D  F,  be  fhewn  to  be  equal.  Confequently 
BRF  mdBFRy  CZF  md  CFZ,  DTFand 
DFT  will  be  equal.  But  the  angle  BFC  = 
RFZ  J^  BFR^CFZ;2LndRPZ  =  RSZ  -f 
BRF  -{^  CZF.  Since  therefore  B  FC  exceeds 
RFZ  as  much  as  that  does  the  angle  RS  Z  i  'tis 
plain  that  thefe  are  Arithmetically  proportional. 
After  the  fame  manner  are  CFD,  ZFT,  Z  ST; 
alfo  the  angles  J5FD,  RFt,  RST^vq  Arithmetically 
proportional.  Befides,  in  the  Triangle  TFG  all 
the  Angles  are  given;  namely  Ti^G  equaho  the  com- 
plement of  the  angle  TFZy  to  two  right  angles  a. 
mean  Propprtionai  between  CFJ)  ^tii  CSD^ 
■  '  which 
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which  are  known,  and  YQP  half  the  obferved 
Angle  ZSY:  And  therefore  fuppofingrF  to  be 
of  any  number  of  parts  whatever,  F  G  will  be 
given  in  thofe  parts.  In  the  Triangle  R  FG 
all  thp  angles  being  given,  (nzmdy  RFG  the 
complement  of  ZF/^  to  two  right,  and  FGR  half 
the  angle  ZSR)  and  the  fide  FG^  FR  will  be  given. 
And  in  the  Triangle  TFR  there  being  given 
FT  and  FR,  and  the  angle  TFR,  (becaufe  a 
mean  Arithmetic  proportional  between  BFD 
md  B  SDJ  TR  will  be  given  and  the  angles 
iFRTy  FTR.  Then,  in  the  Ifofceles  Triangle  r5R 
all  the  angles  are  given  (becaufe  TSR  at  the 
ivertex  of  the  Triangle  is  given)  and  TR,  there- 
fore TS  alfo  will  be  given.  Laftly,  in  the  Tri- 
angle Frs  the  angle  FTS  is  given  (the  diC- 
jference  between  the  known  ones  RTS,  RTF) 
[and  the  fides  FT^  TS;  therefore  the  angle  TSF 
land  fide  S  F  will  be  found.  But  the  Pofition  of 
Ithe  right  line  TS  is  given,  namely  the  Place  of 
[the  Sun  in  the  third  Obfervation,  when  the  Earth 
I  Was  in  D;  therefore  the  Pofition  of  the  line  of 
[the  Apfides  A  P  will  be  given,  becaufe  inclined 
|in  a  known  angle  TSF  to  r 5  given  by  pofition. 
;But  in  the  fame  parts,  in  which  TS  is  exprefled, 
I  the  right  line  SF  is  found;  therefore  the  ratio 
between  TS  or  what  is  equal  to  it  ^P  rhe 
;  greater  Axe  of  the  Orbit,  and  S  F  the  diftance,  of 
the  Foci  is  given ;  that  is,  the  Species  of  the  Orbit. 
Nor  can  any  thing  elfe  be  determined  by  the  Ob- 
[  fervations :  For  every  Elliptic  Orbit  fimilar  to 
ACD?y  defcribed  upon  the  Focus  5,  whofe  great- 
er Axe  is  the  fame  in  pofition  with  the  right  line 
S  Fy  will  fatisfy  the  Obfervations  propofed. 

In  the  Triangle  DFS,  the  fide  S  F,  the  angle 
DS  F,  and  the  angle  SDF,  the  double  of  S  TF 
lately  found,  being  given  ;  DFS  is  found,  and 
confequently  PF^  contiguous  to  it.    But  the 

Time 
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Time  which  is  to  the  whole  Periodic  Time  as  the 
angle  D  FA  to  four  right,  is  that  which  happens 
between  the  moment  of  the  obfervation  in  D. 
and  the  moment  that  the  Earth  is  in  its  Aphelion;; 
this  therefore  becomes  known. 

The  method  of  determining  the  Species  of  the 
Orbit,  and  the  Pofition  of  the  Line  of  the  Apfides 
here  delivered,  agrees  as  well  to  any  other  Planec 
r^olving  about  the  Sun  as  to  the  Earth,  provi- 
ded there  a'^e  but  three  Obfervations,  as  much  to 
the  purpofe  in  this  other  Planet,  as  thofe  three 
ufed  about  the  Earth. 

Proposition  XV. 

TO  correB  at  pkafure  the  Tcfition  of  the  Line  of  the 
Apfides  y  and  ths,  S fecks  of  the  Orbit  determined 
ahove. 

Let  the  Pofition  of  the  line  of  the  Apfides  and 
the  Species  of  the  Orbit  found  by  the  foregoing^ 
be  taken  for  true  and  accurate,  (for  they  do  not 
differ  much  from  thence  by  Prop.  f.  )  from  them, 
and  the  Periodic  time  and  the  times  between  the 
obfervations  being  given,  find  che  angles  correct- 
ed at  F,  agreeable  to  the  times  of  the  obfervati- 
ons made  in  the  points  B,  C  and  D  ;  and  if  you 
will  ufe  only  the  firft  correction  (namely  5«^/- 
aUus's,)  this  may  be  done  by  Trop  7  *  and  you 
may  go  to  what  exacf^nefs  you  pleafe  by  Vrof.  4^ 
By  the  help  of  thefe  angles  thus  corred:ed,  iaftead 
of  the  former,  that  are  fimply  proportional  to  the 
times;  that  is,  in  the  language  of  AftronomerSjj 
by  the  help  of  the  angles  of  the  mean  Anomaly 
thus  equated,  inftead  of  the  angles  of  the  mean 
fimple  Anomaly  made  ufe  of  before,  let  the  cal- 
culation of  the  former  Propofirion  be  repeated, 
and  let  the  Pofition  of  the  Line  of  the  Apfides  and 
the  Species  of  the  Orbit  be  found,  and  they  will 
be  more  accurate. 

CORQL- 
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COROLLART. 
from  whence  the  Motion  of  the  Apfides  of  the 
Orbit  of  the  Earth  may  be  determined :  Namely 
by  comparing  of  the  Place  of  the  Aphelion  at 
prefent  with  its  Place  fome  Years  ago,  (  both 
I  which  are  found  by  Trof.  14,  and  correded  by 
Trop  15*,)  and  by  dividing  the  arc  made  in  the 
•mean  while  by  the  faid  Aphelion  by  number  of 
1  the  intervening  Years,  the  Annual  Motion  of  the 
Aphelion  will  come  forth,  which  alfo  will  be  ex- 
tended to  parts  of  a  Year. 

Proposition  XVI. 

TO  find  the  Vlace  of  the  Earth  feenfrom  the  Sunl 
and  its  Difi^ncefrom  the  Sun  at  any  given  Ttmet 
Thefpeciesof  the  Orbit  of  the  Earth,  and  the 
place  of  the  Aphelion  for  any  known  time  being 
defined  by  the  two  laft  Propofitions,find  the  place 
of  the  Aphelion  for  the  time  given  :  And  if  it  be 
fince  the  time  to  which  the  place  of  the  Apheli- 
pn  was  determined,  add  the  motion  of  the  Ap^ 
lides  made  in  the  mean  while,  and  defined  by  the 
Corollary  of  the  preced.  Trof.  to  the  place  of  the 
Aphelion  determined  before,  or  let  it  be  fubtrad- 
ed,  if  the  time  given  be  before ;  and  you  will 
have  the  Place  of  the  Aphelion  for  the  given  time„ 
Then  let  the  time  when  the  Earth  once  was  in 
the  Aphelion  be  determined  (by  Vrof.  14,)  and 
fmce  by  the  15^^  the  Periodic  time  of  the  Earth, 
may  be  known  ;  from  thence  alfo  will  be  known 
the  time  when  the  Earth  was  in  its  Aphelion  next 
before  the  Time  propofed,  and  confequently  the 
ratio  between  the  Periodic  time  of  the  Earth  and 
the  time  elapfed  fince  the  laft  Aphelion  is  known  ^ 
that  is,  in  theFigure^LP  (Fig,\,)  reprefenting  the 
Orbit  of  the  Earth,the  ratio  of  theintir^Ellipfeto 
the  area  ALSi  And  confequently  (hy  Vrof,  5,4,  6 
and  7. )  the  angle  -^5L  will  become  knl^wn, 
I  .  And 
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And  fince  the  pofition  of  the  right  line  AS  \% 
known,  the  pofition  of  the  right  line  S  L  will  aU 
fo  be  known  ;  that  is,  the  Place  of  the  Earth  feeil 
from  the  Sun.  Befides,  by  the  Propofitions  abovef 
cited,  the  ratio  of  the  right  line  LS  to  the  right; 
liile  A?  becomes  known  ;  that  is,  the  Diftance  of 
the  Earth  from  the  Sun  in  the  parts  of  the  greater 
Axe. 

Proposition  XVII. 

TO  explain  the  inequality  of  the  natural  t>ays^  and 
to  jliew  the  Equation  of  time. 
Since  it  is  the  bulinefs  of  an  Aftronomer  to 
Ihew  the  motion  of  thb  Stars,  and  this  is  perform- 
ed in  Time,  ^nd  can't  be  conceived  without  it  • 
and  fmce  the  moft  fenfible  part  of  Time  isi  a  na- 
tural Day,  by  the  repetition  of  which  a  Year,  and 
by  the  divifion  of  which  an  Hour  and  the  parts 
of  an  Hour  are  made;  and  fince  in  Computing 
their  motions,  all  days  ought  to  be  fuppofed  e- 
qual ;  as  far  as  this  fuppofition  is  from  truth,  fo  far 
even  the  Celeftial  motions  taken  out  of  the  Tables 
will  difagree  with  the  Phsenomena,  if  no  account 
of  this  inequality  be  taken.  To  underftand  this, 
let  it  be  obferved,  that  a  Natural  day  is  that  fpace 
of  time,  that  intervenes  between  the  Sun's  lea- 
ving a  given  Meridian  in  the  Heavens  and  re- 
turning to  it  again  ;  that  is,  the  fpace  wherein  a 
revolution  of  the  whole  Celeftial  Equator  is  per-* 
formed,  and  over  and  above,  of  that  part  of  it, 
that  anfwers  to  fuch  a  portion  of  the  Ecliptic,  as 
the  Sun  defcribes  in  the  mean  while  by  its  Annual 
motion  towards  the  Eaft.  But  becaufe  this  por- 
tion of  the  Equator,  added  to  the  whole  Equator, 
is  not  every  where  equal,  as  well  on  the  account' 
of  the  Obliquity  of  the  Ecliptic,  as  that  the  ap- 
parentAnnuL^l  motion  of  the  Sun  about  the  Earth 
is  not  equable ;  neither  will  thefe  Natural  days 
be  equal :  And  would  therefore  then  be  equal,  if 

the 
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the  Sun  feen  from  the  Earth  in  its  Annual  mbtbii 
moved  both  equably  and  in  the  Equator  ^  and 
"'tis  evident  in  this  cafe,  after  that  the  whole  E- 
quator  has  pafled  the  Meridian,  there  remains 
that  portion  ftill  to  pafs,  which  the  Sun  in  the 
mean  while  would  defcribe  by  its  Annual  motion 
towards  the  Eaft,  which  portion  would  always 
be  equal  to  itfelf,  fmce  we  fuppofe  this  motion 
to  be  equable ;  and  therefore  even  the  Time  mea- 
furing  the  paffage  by  the  Meridian  of  the  whole 
Equator  and  this  additional  part,  would  be  al- 
ways equal  to  itfelf.  Let  us  therefore  fuppofe  a*' 
tiother  Sun,  as  was  faid  before,  moving  in  the 
Equator,  and  confequently  meafuring  the  equal 
or  mean  Time  :  Tis  evident  that  the  diiFerence 
of  the  Time,  between  the  appulfc  of  the  true  and 
imaginary  Sun  to  the  Meridian,  or  any  other 
Hour  Circle,  is  that  which  makes  the  mean  Noon 
of  the  apparent  Noon,  and  the  Apparent  of  the 
mean;  that  is,  the  Equation  of  Time'nkX^.  And 
becaufe  the  true  Sun  and  that  point  of  the  Equa- 
tor, where  its  Right  afcenfion  ends,  arrive  at  the 
Meridian  together ;  and  the  Equation  of  Time 
is  that  fpace  of  Time,  that  flows  while  ihe  Arc  of 
the  Equator  contained  between  iheexfrreme  point 
of  the  Right  afcenfion  of  the  trueSun  an.l  the  place 
of  the  imaginary  Sun,  paifes  the  Meridian;  if 
this  Arc  be  converted  into  time,  you  will  have 
the  Equation  of  time  fought.  Befides,the  place  of 
the  imaginary  Sun  is  as  far  diftant  in  the  Equator 
from  the  point  of  the  Vernal  Equinox, as  the  mean 
place  of  the  Sun  in  the  Ecliptic  is  from  the 
fame :  And  therefore  the  forefaid  arc  of  the  Equa- 
tor, the  meafure  of  the  Equation  of  the  time,  is 
equal  to  the  diiFerence  between  the  Right  afcen- 
fion of  the  true  Sun  and  the  diftance  of  the  mean 
place  of  the  Sun  from  the  Vernal  Equinox.  But 
it  is  commonly  known>  that  th^  difference  of  any 

E  e  two 
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two  Quantities  A  and  B  is  equatl  to  the  difference 
betweeni  A  and  any  affumed  quantity  Xy  and  to 
the  difference  between  this  X  and  B  together. 
Alfuming  therefore  a  third  are^  namely  the  di- 
fiance  of  the  true  place  of  the  Suh  fro»m  the  Ver- 
nal Equinox,  the  Arc  meafuring  the  Equation  of 
Time  will  be  the  fuiii  of  the  two  arcs,  one  of 
which  is  the  difference  between  the  Right  afcen* 
fion  of  the  Sun  and  \ts  true  place  in  the  Ecliptic^ 
th€  other  the  difference  between  the  true  and 
mean  motion  of  the  Sun.  But  fometimes  it  hap^ 
pens,  that  the  difference  of  the  two  Quantities  is 
^qual  to  the  fum  of  them  taken  fimply ;  namely 
when  the  one  is  negative  and  the  other  pofitive  i 
Therefore  anArctobe  converted  intoTirne,ta  pro- 
duce the  Equation  of  Time^  is  always  the  fum  or 
difference  of  two  arcs,  one  of  which  is  the  diffe* 
rence  of  the  true  Motion  of  the  Sun  and  its  Right 
afcenfion,  and  the  other  is  the  difference  of  the 
true  and  mean  Motion  of  the  Sun. 

But  becaufe  this  Arc  confifts  of  two  patts,  we 
will  confider  them  feparately.  And  firfl  let  us 
iibftrad  from  the  unequal  motion  of  the  Sun  un- 
der the  Ecliptic ;  that  is,  let  us  confider  it  a  little 
while  as  equal ;  and  therefore  the  motion  of  the 
imaginary  Sun  in  the  Equator  will  be  equal  to 
the  motion  of  the  true  Sun  in  the  Ecliptic,  or 
the  true  and  imaginary  Sun  wili  be  equally  di- 
stant from  both  Equinoxes.  And  becaufe  in  the 
firft  Quadrant  of  the  Ecliptic,  or  from  the  begin-  i 
ning  of  Y  to  the  beginning  of  s,  the  diltance  off 
the  Sun  from  the  beginning  of  Y  is  greater  than 
its  Right  Afcenfion ;  the  imaginary  Sun  will  be 
farther  diitant  from  the  beginning  ofY  toward  the 
Ealt,  than  is  the  Right  Afcenfion  of  the  true  Su% 
and  therefore  the  true  Sun  arrives  at  the  Meri-  \ 
dian  fooner  than  the  imaginary,  becaufe  more  to 
the  Wefl;  that  is,  the  apparent  time  precedet  , 

the 
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fhe  mean  :  hereupon  when  the  Sun  is  in  the  firft 
Quadrant  of  the  EeliptiCj  that  part  of  the  Equa- 
tion of  Time,  which  is  the  difference  of  the  true 
Motion  of  the  Sun  and  its  Right  Afcenfion^turn'd 
into  Time  is  to  be  fubtraded  from  the  apparent, 
to  make  the  mean  or  equable  Time.     But  when 
the  Sun  is  in  the  fecond  Quadrant  of  the  Eclip- 
tic^ its  Right  Afcenfion  is  greater  than  the  di- 
ilance  of  the  Sun  from  the  beginning  of  T,(be- 
caufe  the  complement  of  the  Right  Afcenfion 
to  a  Semicircle  is  lefs  than  the  diftance  of  the 
Sun  from  the  beginning  of  d!i= ; )  and  therefore 
^he  imaginary  Sun  (which,  by  fuppofition,  is  a$ 
far  diftant  in  the  Equator  from  the  beginning  of 
Y,  as  the  true  Sun  in  the  Ecliptic  is  diftant  from 
the  fame)  is  lefs  diftant  from   the  beginning  of 
Y  than  the  true  Sun^  and  confequently   arrives 
at  the  Meridian  fooner,   and  therefore  the  mean 
Noon  precedes  the  apparent ;  that  is,  the  mean 
^ime  reckons  12  Hours,  when  the  apparent  does 
not  yet  reckon  fo  many,  tho'  it  be  the  fame  mo- 
ment, but  differently  called.     And  therefore  in 
this  cafe,  when  the  Sun  is  in  the  fecond  Quadrant 
pf  the  Ecliptic,  this  part  of  the  Equation  of  Time 
Ifwhich  arifes  from  the  obliquity  of  the  Way  of 
l^he  Sun  to  the  Equator,  and  is  the  difference  be- 
:ween  the  Sun  s  motion  and  its  Right  Afcention 
iirned  into  Time)  is  to  be  added  to  the  apparent^ 
:o  make  the  mean  time,  or  to  be  fubtraded  from 
:he  mean  to  make  the  apparent.    But  if  the  Sun 
)e  in  the  third  Quadrant  of  the  Ecliptic,  the  fame 
s  to  be  done  as  if  it  were  in  the  firft ,-  for  here 
he  diftance  of  the  Sun  from  the  beginning  of  Y 
5  greater  than  its  Right  Afcenfion,  as  in  the  firft : 
Ind  the  Sim  being  in  the  fourth  Quarter,  the 
ame  holds  as  to  this  part  of  the  Equation  of 
iCime  as  if  it  were  in  the  fecond,  and  for  the  fame 
iwfons, 

E  e  ^  Let 
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Let  us  next  confider  the  Inequality  of  natural 
Days  arifing  from  the  unequal  motion  of  the  Surl' 
in  the  Ecliptic,  or  the  Equation  of  time  arifing 
from  thence,  laying  afide  a  little  while  the  Obli- 
quity of  the  Ecliptic;  that  is,  confidering  the  Sun 
as  moved  after  the  like  manner,  and  with   the 
fame  celerity  in  the  Equator  as  it  is  found  really™ 
to  move  in  the  Ecliptic,  and  that  thefe  two  Sunsf 
the  true  and  imaginary,  left  the  Apogi^uiti  toge- 
gether.    And  (ince  the  imaginary  one  moves  with 
the  mean  Motion,  it  muft  go  before  the  true  cne^ 
while  it  goes  forward  from  the  Apoga?um  to  the 
Perig^eum ;  that  is,  the  imaginary  one  is  more  to 
the  Eaft  than  the  true  one ;  The  true  one  there- 
fore arrives  at  the  Meridian  fooner  ;  therefore 
tlie  apparent   Noon  precedes  the  mean.     And! 
the  difference  between  the  places  of  the  true  and 
imaginary  Sun,  or  between  the  true  and  meanf 
Motion  of  the  Sun,  converted  into  Time,  is  the 
Equation  of  the  time  arifing  from  this  inequality 
of  the  Sun's  motion :  This  Equation  therefore, 
while  the  Sun  goes  from  the  Apoga^um  towards 
the  Perigseum,or  fin  the  language  of  an  Aftrono- 
mer,)  in  the  fix  firft  Signs  of  the  Ancmaly,  is  to 
be  fubtraded  from  the  apparent  Time  to  produce 
the  mean,  or  added  to  the  mean  to  produce  the 
apparent  out  of  it.    In  the  Perig^um  the  true 
Sun  overtakes  the  imaginary,  and  from  thence  td 
the  Apogasum  is  more  to  the  Eaft :  The  imagi- 
nary one  therefore  in  all  this  time,  namely  in  the 
fix  laft  Signs  of  the  Anomaly,  arrives  at  the  Me- 
ridian fooner  ^  that  is,  the  mean  Noon   precedes 
the  apparent  Noon,  by  as  much  as  the  arc  be- 
tween the  im.aginary  and  true  Sun  fpends  in  paf- 
fmg  by  the  Meridian ;  that  is,  as  much  as  that 
arc,  namely  the   difference  between  the  mean 
and  true  motion  of  the  Sun  converted  into  time 
iiiakes.    This,part  of  the  Equation  of  time  there- 
fore 
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fore  in  the  prefent  cafe  is  to  be  added  to  the  ap- 
parent time  to  make  the  mean,  or  to  be  fubtra- 
Sed  from  the  mean  to  make  the  apparent. 

And  when  both  thefe  caufes  of  the  Equation  of 
Timehold,(as  they  really  do)  both  thefe  things  are 
to  be  done ;  that  is^  to  equate  the  Time  you  muft 
confider  the  Sun  two  ways,  ^iz,  both  in  what 
Quadrant  of  the  Ecliptic  it  is  in,  that  one  part 
of  the  Equation  may  be  added  to  or  fubtraded 
from  the  apparent,  as  was  faid  before;  and  in 
what  Semicircle  of  Anomaly,  that  the  part  de- 
pending upon  that,  may  be  added  or  fubtraifted 
according  as  the  nature  of  it  requires.  And  on 
this  account  it  is,  that  the  Equation  of  natural 
Days  (which,  from  what  has  been  faid  above,  ab- 
fol;itely  fpeaking,  is  the  Difference  of  the  mean 
place  and  the  fright  Afcenfion  of  the  Sun  s  true 
place  turned  into  time)  is  made  up  of  two  parts, 
4-nd  "becaufe  the  vernal  Equinox  and  Apog^uncj 
of  the  Sun,  the  heads  or  beginnings  of  thefe 
3arts,  don't  always  keep  the  fame  pofition  to  one 
another,  but  the  former  being  carried  towards 
the  Weft  leaves  the  latter,  (as  was  fliewn  in  JS.i.) 
comes  po  pafs,  that  the  f  abfolute  and  only)  Equa- 
tion pf  Time  made  up  of  thefe  is  not  perpetual, 
but  ufelefs  in  a  few  Years,  the  Sun  not  poffeffing 
the  fame  degree  of  the  Anomaly,  or  the  fame  fi- 
tuation  in  refped  of  the  Apfides,  when  it  returns 
to  the  fame  point  of  the  Ecliptic. 

Vtokmy  exprefly  demonftrates  the  above  men- 
tion d  Equation  of  Time,  Chap,  io,B.%.  of  Great 
;Co»/r/^^,no|:withftanding  Fendeline  and  others  have 
faid  that  it  is  all  ufelefs,  and  ufe  the  apparent  and 
mean  Time  promifcucufly.  Kefkr  on  the  contrary 

Kufpec^ed  a  third  caufe  of  equating  the  time^arifmg 
rom  the  diurnal  Motion  of  the  Earth's  not  bei-ng 
intirely  equable,  but  fometimes  quicker  fometimes 
fegwer,  according  as  it  is  more  or  Icfs  diftant 
^."  ''■'       '  E  e  ;  froni 
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from  the  Sun,  the  original  of  its  mctlon  5  and 
calls  the  part  of  the  Equation  depending  upon  it, 
the  Vhyfical  Part,  leaving  the  name  of  the  Demon-' 
firative  to  the  other  defciibed  above,  which  is 
made  up  of  two  parts.  Tjcho  alfo  had  a  fufpicion 
of  the  acceleration  or  retardation  of  the  Fir  ft  Mo* 
tion^  and  was  for  ballancing  the  other  part  of  the 
Equation  depending  upon  the  Sun's  Anomaly,  by 
means  of  it ;  for  he  only  made  ufe  of  rhe  other 
arifing  from  the  Obliq'jity  of  the  Ecliptic,  which 
he  calls,  the  E^jjjI'nV,  b^caqfe  ic  would  fuffice  for 
the  finding  by  Calculidon  the  EcHpfes  he  had  ob- 
ferved.  But  S/^^mf' thought  this  Inequality  of  the 
Firft  Motion,  to  fee  fufficient  for  the  making  ufe 
of  the  part  negleded  by  T'ycho^  under  a  contrary 
Title,  as  he  has  put  it  in  his  A^rommia  Carolim. 

Proposition  XVIII. 

TO  correB  the  Tlace  of  the  Sun^  feen  fr&m  the  EartB, 
found  by  Prop.  16. 
If  the  given  Time  is  the  mean,  the  Place  found 
need^  no  correction  ;  for  it  is  hitherto  the  true, 
JBut  if  otherwife,  let  the  apparent  given  Time  be 
converted  into  the  mean  (by  the  preced.  Vrof  )  by 
taking  the  Place  of  the  Sun  found  above,  Vrop.  16. 
as  accurate :  (For  that  Place  6f  the  Sun  is  really 
accurate  enough  for  the  determining  the  Equation 
of  Time,  fmce  it  continues  very  nearly  the  fame, 
whether  the  Place  of  the  Sun  be  that  which  is 
found  above,  or  the  true  and  moft  corred : )  And 
to  this  mean,  again  (by  the  faid  iS^'^Frof,)  find  the 
Sun's  place,  and  the  place  thus  found  will  be  the 
correct  and  accurate  one.  For  the  mean  Time 
only' is  fit  for  Ailronomic  ufes,  on  which  account 
it  is  calFd  the  jifirommic  T"imts  y  this  therfore. 
fhould  be  made  ufe  of:  But  to  determine  the 
mean  when  the  apparent  is  given,  the  Sun's  place 
is  necelTary  5  that  therefore  was  firft  to  bsfound. 
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by  ufing  the  apparent  Time,as  if  it  were  the  mean, 
to  find  the  Equation  of  the  Time.  But  this  one© 
found,  and  the  apparent  Tim^  reduced  to  the  A- 
ftronomic,  feek  for  that  Tini.e  (which  is  'the  fame 
with  the  moment  propofed,  but  expreffed  by  a 
number  fitted  for  an  entrance  into  the  Tables)  the 
Sun  s  place  (by  the  fame  Prop.  i6.)  and  the  Di- 
ftance  of  the  Earth  from  the  Sun,  which  is  evi- 
dently the  true  and  corred  one, 

The  converfb  of  this  Problem  may  be  con- 
ftruded  much  after  the  fame  manner,  and  the 
Time  may  by  found,  when  the  Sun  feen  from  th$ 
Earth  will  be  in  a  given  Plac^. 


Section  III, 

Concerning  the  determining  the  Orbits  of  the 
reft  of  the  Primary  Planets,  and  compofing 
the  Theory  of  them  feen  both  from  the 
Sun  and  the  Earth. 

Proposition  XIX. 

TO  determine  hj  ohfervation  the  Tojition  of  th^ 
Line  of  the  Nodes  of  a  Planetary  Orbit y  and  the 
Difiance  ofthePlanet  itfelf  'when  in  the  Node y  from  the 
Sun.      [F/^.20.] 

In  the  two  Figures  fitted  to  the  two  cafes  of  a 
fupcrior  and  an  inferior  Planet,  let  5  reprefent 
the  Sun  ^  Tt  the  Orbit  of  the  Earth,  whofe  Fo- 
cus is  5 ;  Nn  the  Line  of  the  Nodes  of  the  Planet 
propofed.  And  firft  let  the  Earth  be  in  Ty 
and  from  thence  let  the  Planet  be  obferved  when 
in  the  Ecliptic,  and  therefore  in  its  Node,  fup- 
pofe  P:  For  the  Planet  will  never  be  feen  in  the 
Ecliptic  from  the  Earth,  being  in  the  Plane  of 
the  Ecliptic,  unlefs  when  it  is  alfo  in  the  Plane  of 
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the  Ecliptic.     After  an  intire  revolution,  let  the 
Planet  be  obferv'd  in  the  fame  Node,  when  the 
Earth  arrives  at  t.    Xet  the  right  lines  ST,  Pt,  be 
imagined  to  be  (Jrawn,  as  alfo  Sty  printerfecfting 
one  another  in  the  point  X.    In  the  Triangle 
STX  there  ^are  given  the  angles  TSt  by  the  Theo- 
ry of  the  Earth  and  Time  between  the  obferva- 
tions,  and  5  rP  the  obferyed  Elongation  of  the 
Planet  from  the  Sun,  and  the  Side  5  T  theDiftance 
of  the  Earth  from  the  Sun  in  the  former  obfer- 
vatipn.    Therefore  SX'is  found  ^-dtidfo  Xt  fmce 
5 1  the  Diftanee  of  the;  Earth  from  .the  Sun  in  the 
fecond  obfervation  is  alfo  given :  Agairi,iri  theTri* 
angle  tXP  theangle  tXP  equal  to  the  angle  rX5  in 
the  former  is  given,  arid  the  angle  StP  the  elon- 
gation of  the  Planet  from^  the  Sun  in  the  fecond 
obfervation,  and  'th6  fide  i  X  lately  found  •  and 
cqnfequently  the  fide  P  t  will  be  found.     Xaftly^ 
in  the  Triangle  5>  P,  the  fides  1 5,  tf  being  gi^ 
yen,  together  with  the  angle  contained  P>  5,  SP 
the  Diftanee  of  a  Planet  in  a  Node  from  the  Sun 
will  be  found,  and  the  angle  ?5P  that  the  Centric 
Place  (  or  that  feen  from  the  Sun)  contains  with 
5 1  given  by  pofition,  namely,  the  Place  of  the 
Earch  feen  from  the  Sun  at  the  time  of  the  fecond 
obfervation;  and  the  oppofition  to  this  is  the 
Centric  Place  of  the  other  Node  •  that  is,  the  Po* 
iition  of  the  Line  of  the  Nodes  N  n\ 

By  this  means  the  Motion  of  the  Nodes  of  the 
Drbs  of  the  Primary  Planers  will  be  determined, 
by  comparing  the  Place  of  the  Node  of  each  Pla- 
net found  oui  by  the  cbfervations  of  the  Ancients, 
with  the  Place  of  the  fame  determined  by  theob- 
fervations'  of  the  Moderns. 

After  the  like  manner,  if  a  Planet  be  obferved 
twice  in  any  other  point  of  its  Orbit  from  the 
E'irth,  the  Place  of  the  Planet  feen  from  the  Sun 
and  its  Diftanee  from  the  Sun  are  determined. 
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Proposition   XX. 

TO  define  hy  chfervation  the  Inclination  of  any  Thr 
netary  Orbit  to  the  Flane  of  the  Ecliptic. 
Let  S  reprefent  the  Sun^    the  Circle  NBn 
£F/^.  21.]  the  Ecliptic  among  the  Fixd  Stars; 
and  NAn  the  Path  of  the  propofed  Planet,  feen 
from  the  Sun  among  them :  And  the  right  line 
NSn  will  be  the  Line  of  the  Nodes  known  by  po- 
fition,  (by  the  preced.  Pr  ;?.J  Whenever  the  Earth 
arrives  at  the  faid  Line  of  the  Nodes,  which  it 
does  twice  a  Year,  theTime  of  which  ;by  Prop.iS,) 
is  known;  let  the  Geocentric  Place  A  of  the  Pla- 
cet F  be  obferved  (by  Prop,  27.  B.  2,)  whofe  La- 
titude is  AB  an  Arc  perpendicular  to  the  Ecliptic, 
and  Longitude  X  B.    Since  the  Longitude  of  the 
Sun  XN  is  known,  the  difference  alfo  of  theft 
Lqngitudes  NB  will  be  known.    In  the  Spherical 
Triangle  ANB,  right  angled  at  5,  the  Sides  A  B, 
JSTjg  are  given ;  and  therefore  the  angle  A  NB, 
the  meafure  of  the  Inclination  of  the  Plane  NAn 
of  the  Grbic  of  the  Planet  to  the  Plane  of  the 
Ecliptic  JNr5»,  will  be  known. 

Proposition  XXL 

FKom  the  ohferv.ation    of  a  Planet  in  Oppofition  or 
ConjunSlion  with  the  Sun^  to  get  away  its  Second 
Inequality  and  find  its  Difiance  from  the  Sun, 
,,    Befides  the  true  Inequality  in  the  motions  of 
'■  tbe  Planets  vifible  to  an  Eye  in  the  Sun,  placed  in 
the  common  Focus  of  all  the  Orbits,  there  is  an- 
other Oprical  one,  arifirig  from  the  annual  motion 
of  the  Earth,  relating  to  us  living  on  the  Earth. 
The  former,  which  is  proper  to  the  Planets,  is 
galled  by  a  name  proper  enough,  the  Firfi  Inequa" 
lity ;  but  the  other  is  fecondary,  as  it  were  to  the 
planet,  and  therefore  juftly  called  by  Aftrono- 
iXi^v%  the  Second  ImqmUty  :  And  he  is  faid  to  get 

it 
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it  away,  who  fhews  that  Place  of  a  Planet,  which 
an  Obferver  would  fee  from  the  Sun.  Let  S  (in 
Fig.  22.)  reprefent  the  Sun,  T  the  Earth,  P'the 
Planet  in  its  Orbit,  NB  the  Ecliptic  among  the 
Fix  d  Stars,  NA  the  interfedion  of  the  Orbit  of 
the  Planet  with  the  Sphere  of  the  Fix'd  Stars  ^  N 
the  Node  :  And  feeing  the  Sun  is  in  the  Plane  of 
the  Orbit  of  each  Planet,  the  right  line  ^JV  will 
be  the  Line  of  the  Nodes.  Let  the  Earth  The  feen 
from  the  Sun  among  the  Fix  d  Stars  at  By  and  the 
Planet  P  at  A,  And  becaufe  the  Planet  is  either 
in  Oppofition  to  the  Sun,  C^s  inF^^.  i^O  <^r  in 
Conjundion  with  it  ("as  in  the  z^,-)  the  arc  of  the 
great  Circle  coanec5ling  the  points^  and  5,  is 
the  arc  of  the  Circle  of  Latitude,  and  confe- 
quently  perpendicular  to  the  Ecliptic.  And  in  the 
Spherical  right  angled  Triangle  A  B  N  there  are 
given  the  angle  A  NB  the  meafure  of  the  Incli- 
nation of  the  Plane  of  the  Orbit  of  the  Planet  to 
the  Ecliptic,  (found  by  the  preced  Trop.)  and  the 
fide  B  N,  namely  the  inclination  of  the  right  line 
TS  given  (by  the  Theory  of  the  Earth)  by  pofiti- 
on  to  SN  the  Line  of  the  Nodes  found  by  pofiti- 
on  (by  Trop.  1 9.)  Therefore  there  will  be  known 
the  Side  AB,  the  Centric  Latitude  of  the  Planet, 
and  AN  the  Diftance  of  the  Planet  in  its  Orbit, 
feen  from  the  Sun,  from  the  Node  N,  which  is  to 
get  away  the  Second  Inequality  of  the  Planet. 
Sdor cover  in  the  rectilineal  Triangle  PST  there 
are  giveri  57^  from  the  Theory  of  the  Earth,  and 
the  angle  P  TS  the  Latitude  of  the  Planet  by  ob- 
fervarion,  or  its  complement  to  a  Semicircle,  and 
the  angle  P^T' the  Centric  Latitude  of  a  Planet 
found  above  ;  wherefore  TS  and  PT^theDiftances 
of  the  Planet  from  the  Sua  and  Earth  will  bo. 
known. 

Pro« 
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Proposition  XXIL 

BT  any  Jtngk  ohfervatlon  of  a  Tlanet  whatever^  U 
clear  it  of  its  Second  Inequality,  and  find  its  Di" 
fiance  from  the  Sun, 

Let  the  Planet  P  (in  Fig,  %%.)  be  obferved,  the 
Line  of  whofe  Nodes  is  NSy  from  the  Earrh  T, 
with  the  apparent  Latitude  ?TB,  Let  the  Plane 
of  the  apparent  Latitude  be  produced,  till  it  cut 
the  Plane  of  the  Orbit  of  the  Planet  inPJV,  and 
the  Plane  of  the  Ecliptic  in  the  right  line  BTN. 
From  P  let  fall  ?B  perpendicular  to  the  right  line 
NB^  and  from  T  eredt  TO  perpendicular  to  the 
fame  IS! By  which  (by  Prop.  58.  EL  ii,j  will  be  per- 
pendicular to  the  Plane  of  the  Ecliptic,  becaufe 
the  Plane  of  the  Latitude  ?NB  is  perpendicular 
to  the  Plane  of  the  Ecliptic.  From  riet  fall  TE 
perpendicular  to  the  right  line  NS,  and  join  OE, 
which  is  perpendicular  to  the  fame  N5;  and  thq 
Angle  OET"  will  be  equal  to  the  Inclination  of  the 
Planes  of  the  Orbit  of  the  Planet  and  of  the  E- 
liptic.  In  the  Triangle  NSTy  are  given  the  Side 
STy  and  angle  TSNy  by  the  Theory  of  the  Earth 
and  the  known  place  of  the  Node,  and  by  ob- 
fervation  the  angle  NT'^,  the  Elongation  of  the 
Planet  from  the  Sun  computed  in  the  Ecliptic, 
or  its  complement  to  two  right ;  therefore  thd 
Sides  rjVand  NSy  and  the  angle  TNS  will  be- 
come known.  In  the  Triangle  TE  N  right 
angled  at  E^  KJ'and  TNE  are  given  ;  and  con- 
sequently TE.  In  the  Triangle  O  TE  right  angled 
at  T,  there  are  given  TE  the  Side  found  juft  now, 
and  TEO  the  Inclination  of  the  Planes  of  the  Or- 
bit of  the  Planet  and  of  the  Ecliptic,  known  by 
Trop,  20.  of  this  Book  ;  therefore  O  T  will  become 
known.  In  cheTriangle  OUVrightangled  at  Ty  there 
are  given  OTand  7^  N  found  before ;  and  there- 
fore the  angle  ON'I'alfo.     In  the  firft  angle 

pnt; 
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TNT,  there  are  given  NT^  and  the  angle  TNP, 
Mfo  PTN the  apparent  Latitude  of  the  Planet 
known  by  obfervation,  or  its  complement  to  two 
right;  therefore  NT  will  be  known.  In  the 
Triangle  NP  B  rigbtangled  at  B,  the  fide  Np 
and  angle  P  N  B  lately  found  being  given,  P  B 
and  N  B  will  be  found.  In  the  Triangle  BNS, 
NB  and  JNTS  and  the  angle  BNS  l?eing  give^h, 
NS  B  the  Centric  Longitude  of  the  Planet  com- 
puted from  its  Node,  and  the  fide  S  B  will  be 
Known.  Then  in  the  Triangle  PBS  rightangled 
Sit  B,  PBjBS  being  known,  P  S  the  Diftance  of 
the  Planet  from  the  Sun  will  be  known,  and  the 
.angle  P  5  5  its  Centric  Latitude.  I.^ftly,  in  the* 
.Triangle  PNS  all  the  fides  being  given,  the 
angle  NSP  is  known,  the  Centric  Diftanc§  of  the 
Planet  in  its  Orbit,  computed  from  the  Line  of  the 
Nodes  given  by  pofition  fby  Prop.  19.)  in  its  Or- 
bit. The  Second  Inequality  of  the  Planet  there- 
fore is  got  rid  of,  and  its  Place  feen  from  the  Sun 
is  determined  :  And  befides  the  Diftance  of  the 
i?lanet  from  the  Sun  is  found  in  thq  parrs  of  the 
mean  Diftance  of  the  Earth  from  the  Sun,  which 
i3  taken  for  the  meafure. 

PiioposiTioN  xxin. 

To  define  the  Periodic  time  of  any  Planet  about 
the  Sun, 
Let  the  Planet  propofed  be  obferved  in  the 
Node  (as  was  done  in  Prop.i^^.)  and  again,whenit 
returns  next  to  the  fame  Node :  The  Time  be- 
tween thefe  obfervations  is  very  nearly  the  Peri? 
odicTimeof  the  Planet  fought.  For  fince  th$ 
Lines  of  the  Nodes  are  fby  Prop,  4;.  B.  j.)alfnoft 
at  reft,  when  a  Planet  has  defcribed  its  wholes 
prbir,it  returns  to  the  fame  Node^  &  ^ic^  verfa. 

Th5 
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The  Period  of  a  Planet  is  determined  not  only 
by  the  obfervation  of  it  twice  in  the  fame  Node, 
but  its  Periodic  time  will  become  evident,  if  it  be 
obferved  twice  in  any  other  point  of  its  Orbit, 
cleared    of  the  Second  Inequality.    But  if  the 
Centric  Place  of  the  Planet  be  computed  from 
the  Equinoxes,  regard  muft  be  had  to  the  Pre- 
ceflion  of  the  Equinodial  points  made  in  the 
mean  while.     In  defining  the  Periodic  times  of  a 
Planetj  it  will  be  proper  to  make  ufe  of  that  ad- 
vice given,  in  determinining  exadly  the  Quan- 
tity of  a  Tropical  Year ;  namely  to  take  the  moft 
diftant  Obfervations  that  can  be  had,  that  the 
error  may  be  infenfible,  the  divifion  being  made 
by  a  great  number  of  revolutions,.   And  that  an 
error  of  an  intire  revolution  may  not  be  com- 
mitted, the  knowledge  of  a  Period  near  the  truths 
and  expreffed  by  a  round  number  will  fuffice| 
.which  may  be  had,  if  in  one  revolution  of  a  Pla- 
net two  or  more  Centric  Places  be  fought  in  Op^; 
pofition  or  Conjun(5i:ion  with'the  Sun,  f namely 
when  it  has  no  Second  Inequality)  and  the  Perio- 
dic time  be  taken  in  that  ratio  to  theTime  elapfed 
between  any  two  Obfervations,  as  the  diftanc^ 
between  the  centric  Places  is  to  an  intire  Circle. 
If  the  Planet  fhould  not  happen  to  be  obferved 
in  the  Node  itfelf,  or  in  the  Oppofition  with  th^ 
Sun  itfelf,  (which  generally  happens ;)  then  thac^ 
moment  is  determined  by  obfervations  made  be- 
fore and  afterwards.    If  the  period  of  a  Planet 
be  taken  for  that  fpace  of  Tim.e, wherein  the  Cen- 
tric place  of  a  Planet  becomes  the  fame  again  ia 
the  Mundane  fpace  or  between  the  Fix  d  Starg 
as  it  was  before  ;  tho'  accurately  fpeaking,  there 
is  no  fuch  Period  at  all,  fuppofing  the  Nodes 
move  ;  that    is,  tHat  the  planes  of  the  Orbits 
themfeives  change  •  notwithftanding,  if  this  Pe- 
riod be  different  from  the  Period  defined  above, 

it 
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it  may  be  defined  ('confidered  in  regard  of  Longi- 
tude) by  the  help  of  the  obfervations  made  by 
the  preced.  Vrof.  when  the  Centric  Place  of  the 
Planet  is  near  the  fame  Fix'dStars. 

Proposition  XXIV. 

TO  find  the  length  of  the  greater  Axe  of  the  Orbit 
of^ny  frimary  Tlanet, 
We  have  hitherto  defined  the  fituation  of  the 
planes  of  the  Orbits  of  the  Planets  to  one  another: 
We  now  come  to  defcribe  the  Orbits  themfelves 
in  the  planes  thus  defined.  Which  we  fhall  do  fe-^ 
veral  ways^  that  this  or  that  may  be  ufed  accord- 
ing as  the  obfervations  are,  and  the  one  may  cor- 
red:  the  other;  and  that  the  Orbits  determined 
by  all  or  feveral  of  thefe  ways  tending  to  one  and 
the  fame  thing,  may  be  efteemed  more  accurate. 
And  firft  we  (hall  Ihew  how  their  greater  Axes 
may  ht  determined.   The  greater  Axe  of  the  Or- 
bit of  anv  primary  Planet,  is  to  be  taken  to  the 
greater  Axe  of  the  Orbit  of  the  Earth  in  the  fub^ 
iefquiphcate  ratio  of  the  Periodic  time  of  thepro-^ 
pofed  Planet,  (found  by  the  preced.  Vrof)  to  tha 
Periodic  time  of  the  Earth  about  the  Sun,  deter-^ 
mined  by  Prop.  i;.    For  then  the  Cubes  of  the 
greater  Axes  of  the  Orbit  of  thePlanet  and  of  the 
Earth,  will  be  as   the  Squares  of  the  Periodic 
times  of  thofe  Bodies  about  the  Sun,  which  has 
been  demonftrated  (in  Vrof,  40.  B.  1.)  to  hold  in 
Bodies  revolving  about  the  fame  Center,  and  ad- 
ed  upon  by  a  Centripetal  Force,  which  is  reci-^ 
procally  proportional  to  the  fquare  of  the  diftance 
from  that  Center  :  And  that  this  is  the  condition 
of  the  Primary  Planets  revolving  about  the  Sun> 
has  been  fhewn  in  Trof.  42.  B.  i.  ,^ 

Pk0* 
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Proposition  XXV. 

THree  Centric  Threes  of  a  Tlanet  and  its  Veriodic 
Time  being  given ^  to  defer ibe  its  Orbit ^  and  find 
the  moment  of  Time  7vhen  the  Tlanet  was  in  the 
Aphelion, 

After  the  fame  manner  as  in  Vroj>,  14.  three 
Places  of  the  Earth  feen  from  the  Sun  (that  is. 
Centric  places  of  the  Earth)  being  given/ogether 
with  the  Periodic  time^  the  Species  of  the  Orbit 
of  the  Earth,  and  the  Pofition  of  the  Line  of  the 
Apfides  is  determined ;  the  fame  may  be  done  by 
the  help  of  the  fame  like  Data  in  the  Planet  pro- 
;  pofed,  and  the  Orbit  thus  defcribed,  may  be  cor- 
reded  by  the  method  pointed  at  in  Vrop,  1 5*.  And 
as  the  Orbit    of  the  Earth  is  defcribed  in  the 
plane  of  the  Ecliptic,  determined  before  (in  Prop. 
19,  B.  2,,)  fo  the  plane  of  the  Orbit  of  the  Pla- 
net propofed,  wherein  its  Orbit  is  to  be  defcri- 
bed, is  determined  (by  Trop,  19  and  20.)  More- 
over, the  ratio  of  the  greater  Axes  of  the  fame 
Orbits  is  found  from  the  Periodic  times  of  the 
Earth  and  Planet  ("by  preced.  Prop.)  The  magni- 
tude of  the  Orbit  of  the  Planet  will  be  had  from 
the  affumption  of  the  greater  Axe  of  the  Earth's 
Orbit    (or  its  half,    the  mean  Diitance  of  the 
Earth  from  the  Sun :  )  The  Orbit  of  the  Planet 
therefore  is  wholly  determined.    And  the  Time 
when  the  Planet  was  in  the  Aphelion,  is  deter- 
miad  after  the  fame  manner,as  the  like  was  done 
Trop,  14.  in  the  Earth. 

Becaufe  the  Species  of  the  Elliptic  Orbit  of  the 
Planet  is  only  determined  from  thefe  Data^  (as  is 
evident  from  Prop,  14,)  and  the  magnitude  of  the 
prbit  in  refpe<51:  of  the  Orbit  of  the  Earth  is  con- 
cluded by  the  preced.  from  the  comparifon  of  the 
Periodic  times  of  thefe  Planets;  the  fame  may 
Ve  inferred  other  ways ;  namely,  by  making  an 

Orbit 
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Orbit  of  a  certain  Species  (determined  from  three 
Centric  Pii^ces )  defcribed  about  the  Sun  in  ^ 
Focus,  lo  pafs  thro'  the  very  Place  of  the  Planec 
in  the  line  of  the  Nodes^  found  by  the  19th  j>j.op. 
of  this:  For  this  point  given  in  tht  Orbit  of  the 
Planec,  ferves  as  well  in  the  determining  its  Mag^ 
nitude  in  refped  of  the-  Magnitude  of  the  Orbit 
of  the  Enrth,  as  its  greater  Axis  defined  above: 
For  the  diftance  of  that  point  from  the  Sun  is  de- 
termined in  the  parts  of  the  lines  of  the  Earth's 
Orbit ;  and  any  one  of  thefe  ways  of  defcribing 
the  Oibit,  may  be  examined  and  correded  by 
the  ocher. 

And  from  hence  may  the  motion  of  the  Ap- 
fides  of  any  Primary  Planet  be  defined  ^  namely 
the  fame  way  as  the  motion  of  the  Nodes  was  be-^ 
fore. 

Proposition  XXVL   Lemma. 

THE  Focus  and  length  of  the  greater  j^xe  being 
given ^  to  dejcribe  an   Ellipfe  fajjing  thro    t7V0' 
given  Toints.  ^ 

Let  5  [in  Fig.  24.]  be  the  Focus  of  the  Figure 
to  be  defcribed,  AP  the  length  of  the  greater 
Axe,  I.  and  /  the  two  points  thro'  which  the  Ellip- 
fe ought  to  pafs.  On  the  center  Ly  at  the  di- 
ftance equal  to  the  excefs  of  the  right  line  A  P  a- 
bovethe  right  lineL^,^:  aCircleC^  be  defcribed; 
and  after  the  like  manner  upon  the  Center  /, 
with  a  diftance  equal  to  the  excefi  of  the  right 
line  AF  above  IS^  defcribc  a  Circle  RF  cut- 
ting the  former  in  F ;  and  F  will  be  one  Focus 
of  the  Elliple  which  is  to  be  defcribed  :  Confe- 
quently  an  Ellipfe  defcribed  upon  the  Foci  5  and 
Fy  having  its  greater  Axe  equal  to  the  right  line 
A  Ty  will  be  the  Ellipfe  fought.  For  fince  L  F  is 
equal  to  AT — LSy  LS  -^  L  F  will  be  equal  to 
A  P.  After  the  fame  manner  A  P  is  equal  to 
^iS-{^lF:  Confequently  (by  Prep.   jz.  B.   j.  of 

Conies.) 
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Conicsy)  an  Ellipfe  defcribed  upon  the  Foci  5  and 
Fy  having  a  greater  Axe  equal  to  the  right  line 
A  P,  will  pafs  thro'  the  points  L  and  /. 

'Tis  eafy  from  fuch  a  Geometrical  conftrudiofll 
as  this  to  invent  a  method  of  calculating  fuiiable  toi 
Aftronomy.  For  three  points  S,  L  and  /  being  gi- 
ven,that  is,  the  three  fides  of  theTriangle  5  L  /  be- 
ing known^  the  angles  become  known.  Again  in 
the  Triangle  L  /  F,  all  the  fides  are  given ;  name- 
ly L  /  as  before,  L  F  the  difference  of  the  ^ivjoU 
right  lines  AF  andLS,  and  /F,the  difference 
\bf  APy  IS;  therefore  the  angle  FLl  becomes 
known :  But  SLl  was  known  before,  therefore 
the  angle  5L  Fwill  be  given.  Therefore  id  the 
Triangle  SLF,  L  S^  L  F,  with  the  angle  6'  L  F 
being  given,  the  fide  S  F  the  diftance  of  the  Foci_^ 
and  the  angle  L  S  F,  between  L  S  given  by  pofi- 
tion  and  the  greater  axe,  will  be  known ;  this  aixe 
therefore  is  given  by  pofition ;  and  it  is  already 
^iven  by  magnitude :  From  whence  ail  that  be- 
longs to  the  Ellipfe  may  be  drawn. 

Proposition    XXVIl 

GI'ven  two  Centric  Places  of  a  Placet  and  the  Di'^ 
fiances  from  the  Sun^  together  ivith  its  Periodic 
Timey  to  determine  the  Orbit  of  the  Planet. 

Let  S  be  the  Sun  [  Fig.  25?.]  let  the  two  Geii-^' 
trie  places  of  the  Planet  given  be  in  the  right  line^ 
S  LyS  I  given  by  pofition,  and  let  the  Diflances 
tf  the  Planet  from  the  Sun  be  the  right  lines  S  Q 
Si  given  in  magnitudco    Wherefore  Land  /  ar© 
the  points  thro'  which  the  Ellipfe  is  to  pafs.  More-* 
over,  the  periodic  Time  being  known  (by  Prop^ 
24O  PA  the  greater  axe  of  the  Elliptic  Orbit  isf 
determined.    Defcribe  an  Ellipfe  therefore  Cby 
the  preced.)  whofe  Focus  is  5,  having  its  greater' 
axe  of  a  given  length,  that  may  pafs  thro'  the  gi- 
ven points  L  and  /,    The  Cencrie  places  of  th© 
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Planet  and  irs  Diftances  from  the  Sun,  either  in 
Oppofition  or  Conjundion  with  the  Sun  are  de- 
termined as  in  Vrof,  21  ^  or  from  an  Obfervation 
made  any  where,  as  in  ?rop.  22.  Nevertheiefs 
that  may  be  affum'd^which  is  determined  t'rop.  19. 
when  the  fituation  of  the  Planet's  Orbit  in  regard 
of  the  Ecliptic  was  defined.  But  if  you  have 
more  than  two  Centric  places  with  their  corre- 
fponding  Diftances  from  the  Sun,  then  their  Or- 
bit being  defined  by  any  two,  you  muft  fee  whe- 
ther they  agree  to  it  thus  defined,  and  that  is  to 
be  retained  (if  they  difagree)  which  is  confirmed 
by  moft  Obfervations,  as  is  ufually  done  in  moft 
Aftronomicai  Calculations. 

Proposition  XXVIII.  Lemma. 

TO  the  greater  Axe  AP  of  the  Eliipfe  ALP  [Fig, 
26.]  from  the  Focus  S  let  a  perpendicular  SR  ^e 
ereBecl  meeting  the  EUipfe  in  R,  thro  which  let  a  right 
line  D  R  he  drawn  touching  the  Eliipfe,  and  meeting 
ovith  the  Axe  KP  produced  in  G,  and  from  G  let  GF' 
he  dr^7Ji'n  ferpendicuhir  to  the  Axe,  Thefe  thijjgs  being 
fupposdy  if  from  any  point  h  of  the  Eliipfe  two  right 
lines  LS,  L  E  he  drawn y  one  as  \aS  to  the  Focus  af" 
fumed  Sy  the  other  1.^  perpendicular  to  '^ Q  ^  I  f<^Jy 
that  hB.  is  tohS  in  the  gi'ven  ratio  ofGV  to  Q  S, 
Thro' the  point  L  to  the  Axe  y^R  draw  the 
perpendicular  LC  meeting  the  Axe  in  C  and  the 
Tangent  D  R  in  D,  and  from  P  draw  another  line 
P  Nparaliel  to  it :  And  C  D  will  Be  equal  to  the 
light  line  S  L  (by  Frop.  i;9.  ^,4.  of  Gregory  5^-' 
Vmant)  and  P  N  to  P  S.  Blit  G  C  is  to  CD  in 
a  given  ratio,  namely  of  G  P  to  .P  N ;  and  there- 
fore EL  is  to  LS  in  the  given  ratio  of  .G  P  to  P  N 
cr  G  P  to  P  5.  From  hence  it  follows  that  GA  is  to 
■AS  in  the  fame  ratio  of .  GP  to  P  5  ^  which 
is  a  particular  Cafe  of  this  Propofition,  namely 
when  the  point  L  taken  at  pieafure  coincides 

with 
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with  ^.     And  f his  is  evident  from  henee,  that 
(by  Trop,  34.  5. 1,  ff  Conies.)  RG  being  a  Tangent^  . 
^ 5  is  to  S P  as  AG  to  GP ;  from  whence,  by.: 
permutation  and  inverfion,  GJ  is  to  AS  asjGP  • 
to  P  S,    This  Propofition  holds  alfo  in  the  other 
Sedions  of  the  Cone. 

Proposition  XXIX.   Lemma.        ^  ^. 

TO  defcrihe  an  Ellipfe  about  a  given  Focus yth  at  fij  all 
pafs  thro  three  given  Feint So 

Let  the  Points  given  be  L^  /,  a^  (in  Fig.  27*)  .1 
and  the  Focus  S,  Join  the  right  line  L/,  andpro-;f 
duce.it  to  Fy  fo  as  that  LF may  be  to  IF,  asiSZi. 
to  SI,    So  let  \l  joined^  be  produced  to  f,  fo  as 
that  A/may  be  to  //,  as  Sk  to  Si    Join  the  right 
Vine  Ffy  and  upon  it^  from  Z  and  S  let  fall  the 
perpendiculars  L E,  SG,  divide  5 G  in  P  fo  as  GP 
may  be  to  VS  as  LE  to  L5,  and  produce  it  to 
Ay  fo  as  that  GA  may  be  to  y^ 5  in  the  fame  ration 
An  Ellipfe  defcribed  having  A  and  P  for  its  Ver-« 
tices  and  S  for  its  Focus  ^  that  is,  having  its  great- 
er Axe  VA^  and  its  Latus  reBum  quadruple  a  right 
line  which  is  to  5P  as  5^  to  ^P  (  by  Prop.  5'4. 
B.  I.  of  Conies,)  will  pafs  thro'  the  Points  L,  l^  and  a^ 

From  /and  A,  upon  FG  let  fall  the  perpendi- 
culars/e,  Ag.  Since  by  conftru61:ion  LF  is  to 
iFas  SLto  Si;  LE  will  alfo  be  to  le  (by  reafon 
of  the  Parallels  LE,  le)  as  5  L  to  5/,  or  LE  to  5L 
as/e  to  5/.  But  by  conftrudion  alfo  GP  is  to 
PSy  and  GA  to  AS,  as  LE  to  SL  ^  and  therefore 
as  GP  is  to  P  5  fo  is  le  to  SL  After  the  fame  man- 
ner a/  is  by  Conftrudion  to  //  (that  is,  ^e  to  le) 
as  5a  to  5/^  and  therefore  Ag  to  5a  as  (  /e  to  Si  ^ 
that  is,  as  was  juft  now  demonftrated,  as)  L  E  to 
SL.  Since  therefore  5 L  is  to  LE,  alfo  5/  to  le, 
and  5a  to  a*,  as  GP  to  PS,  or  GA  to  AS,  and 
this  is  a  property  of  an  Ellipfe  demonftrated  in 
the  preced  Lem.'tis  evident  that  the  Points  L,/,  ^t 
Ff2  are 
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are  in  the  EUipfe,  whofe  Focus  is  5,  and  extremes 
of  the  greater  Axe  or  Vertices,  A  and  P.  And 
from  hence  it  is  eafy  to  be  known,  when  the  Pro- 
blem is  impoffible,  and  when  inftead  of  an  EI- 
lipfe,  a  Parabola  or  Hyperbola  comes  forth.  If 
a  Calculation  familiar  to  Aftronomers  be  re- 
quired, it  may  eafily  be  drawn  from  the  preced- 
ing Conftrudion ;  for  inftance,  after  the  follow- 
ing manner.  Since  5  a  is  to  S/,  as  a/  is  to  //  j 
then  dividedly  S^-^Sl  to  S I  as  kI  to  //:  But  the 
three  firft  terms  of  the  Proportion  are  given, 
from  the  Points  5,  /,  a,  being  given  5  therefore 
the  fourth  //"will  be  known.  And  after  the  like 
manner,  becaufe5L:  5/ ::LF:  IF,  By  dividing 
SL  --*  Si  :  Si  ::  Ll  :  /F,  and  the  three  firft 
terms  being  given  the  fourth  term  will  be  known  j 
namely  the  right  line  /  F,  Moreover,  the  three 
Sides  of  the  Triangle  SU  being  given,  the  angle 
5/ A  is  given,  and  the  three  Sides  of  the  Triangle 
5L/ being  known,  5 /L  becomes  known  ^  there-* 
fore  there  is  given  both  the  Angle  L/a  the  diffe- 
rence or  fum  of  them,  and  the  Vertical  to  it  Flf, 
Therefore  in  the  Triangle  F/f,  the  Sides  IF,  If, 
juft  found,  being  given,  together  with  the  angle 
F// contained  ^  the  angle  Ffl  will  be  found,  and 
confequently  its  complement  to  a  right  fie* 
But  the  angle  5 /a  being  known  before,  its  com-- 
plement  to  two  right  S// will  be  knowB  ;  there- 
fore the  fum  ov  difference  els  oi  the  known  An- 
gles S  Ify  e  If,  will  be  given,  and  conf".quently 
ISG  its' complement  (becaufe  of  the  Parallels  e/, 
GS)  to  two  right  •  that  is,  the  inclination  of  the 
greater  axe  to  the  right  line  IS,  given  by  pofition* 
Befides,  in  the  Triangle /"e/  rightangled  at  e,  all 
the  angles  are  given,  together  with  the  fide  fl^ 
therefore  c/,  or  G  ikf  is  known,  fuppofing /Af  per- 
pendicular to  GS,  In  like  manner  in  the  right 
Jangled  Triangle  SMI,  the  Angles  and  Side  Sl 

being 
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feeing  given,  SM  is  given ;  and  GS  is  thie  fum  or 
difference  of  GM,  MS.  Again,  becaufe  by  the 
preced, Lem.  el.  IS  iiGP.FS,  by  compounding 
el  -{-  IS.IS  iiGS.SP,  and  the  three  firft  terms 
of  this  Proportion  being  given,  the  fourth  S  P 
will  be  known :  In  like  manner,  becaufe  e/:  IS  :: 
G  /:  AS,  by  dividing  el — tS  :lSi:  GSiJS;  from 
whence  JS  becomes  known:  The  fum  of  PSySA 
is  the  greater  Axe.  The  other  Focus  of  the  EI- 
lipfe  is  as  far  diftant  from  Ay  as  S  is  from  P.  The 
Foci  and  Vertices  A  and  P  being  given,  the  reft 
will  not  be  unknown. 

Proposition  XXX. 

THree  Centric  Places  of  a  Planet ^  and  the  Dlfiances 
from  the  Sun  being  given,  to  defcrihe  its  Elliptic 
Orbit. 

Let  the  Centric  Places  of  the  Planet  be  given, 
3nd  its  correfponding  Diftances  from  the  San  ; 
tiamely  the  right  lines  SLj  Si,  S^,  in  pofition  and 
magnitude  \_Fig,  28.]  fuppofmg  S  to  be  the  Sun. 
By  the  pnec.  Prop,  let  an  Ellipfe,  whofe  Focus  is  S, 
be  defcribed  or  determined  by  Calculation,  pafling 
thro'  the  Points  L,/,  a.  This  will  be  the  Orbit  loughr. 
The  relation  this  has  to  the  Orbit  of  the  Earth  is 
therefore  known,  becaufe  the  magnitude  of  the 
Lines  5  L,  Si,  S k  is  given,  in  the  parts  of  the 
mean  Diftance  from  the  Sun,  and  the  fiiuation  of 
thePlane  of  the  Orbit  in  refped  to  the  Plane  of  the 
Ecliptic,  is  fupppfed  to  be  determined  by  Prop,  19. 
and  20. 

Upon  this  Proppfition  depends  the  Method  that 
Dr.  Hallej  lays  down,  in  the  Philofop,  Tr^fnfaSl. 
An.  x6y6.  N°  128.  for  determining  the  Orbits  of 
the  Planets.  Namely,  if  any  Planet  be  obferved 
thrice  from  the  Earth  in  the  lame  Point  of  its  Or- 
bit (which,  when  it  may  happen,  is  well  enough 
known  from  its  periodic  Time  nearly  known) 
F  f  ;  there  • 
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there  will  be  had  three  Places  of  the  Earth,  fee4 
from  the  Sun,  and  three  correfponding  Diftances 
of  the  Earth  from  the  Sun,  exprefled  in  the  parts 
of  the  diftance  of  the  Planet  from  the  Sun;  and 
therefore  the  Orbit  of  the  Earth  itfelf  is  deter- 
mined by  the  preceding  :  Which  being  known, 
if  any  Planet  be  obferv'd  twice  from  the  Earth  in 
the  fame  Point  of  its  Orbit,  and  confequently 
(hy  Prop.  J ^,)  its  Centric  Place  and  Diftance  from 
the  Sun  be  determined,  and  this  be  repeated  in 
two  other  Places  of  the  fame  Planet  ;  three 
Points  of  the  Planet's  Orbit  will  be  had,  by  which 
together  with  one  of  the  Foci  (namely  the  Sun's 
Place  j  being  given,  the  Orbit  it  felf  (by  the  prec.) 
is  determined.  If  the  Periodic  Time  be  pretty 
exadly  known,  the  fame  may  be  done  by  two 
Centric  Places  and  Diflances  from  the  Sun  being 
known,  which  may  be  gather'd  by  Prof.  27.  from 
twice  two  Obfervations  of  a  Planet  obferyed  in 
the  fame  two  points  whatever  they  be  :  And  by 
the  fame  pains  the  Place  of  the  Nodes  and  the  In- 
clination of  the  Orbit  to  the  Ecliptic  are  deter- 
lidned  by  the  19^^^  an(j  20^^  Propofitions. 

Proposition  XXXI.    Lemma. 

TO  find  the  conjugate  Diameters  ofanElliffe^  'which 
p^Jfes  thro  five  given  Points.  [Fjg.  29.] 
Let  the  five  given  Points  be  JV,  M,  L,  Ky  if, 
that  the  Perimeter  of  the  Ellipfe  paffes  thro' •  -^ 
Piameter  as  FE  of  that  Ellipfe  is  to  be  found,  to- 
gether with  its  Conjugate  rr,  in  magnitude  and 
pofition.  Let  right  lines  be  fuppofed  to  be 
drawn  connecting  the  giyen  Points,  feme  two 
of  which  are  either  parallel,  pr  there  are  no 
two  fuch.  This  is  eafily  feen ;  for  fince  the  Points 
jV,  My  X,  Ky  H  are  given,  the  right  lines  that 
conned  them  all  manner  of  ways  are  giveq,  and 
the  angles  coneain^d  becvveeq  thpfe  right  line 

X  i 
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If  therefore  it  be  found  that  two  angles  placed  al- 
ternately, (for  inftance  K  M  Hy  MHN)  are  e- 
gaal,it  may  be  concluded  that  the  two  right  lines 
MKy  N  Hy  in  which  the  faid  angles  are  alter- 
nately placed,  are  parallel. 

Cast;:  T.  Suppofe  firft,  that  there  are  two  of 
them,  as  M.  h\  NH  parallel  to  one  another.  Let 
them  be  bifeded  in  B  and  J^  and  let  J5^  con- 
necHng  them,  be  produced,  till  it  meet  the  EUip- 
fe  in  Fand  E;  and  it  will  be  (by  the  Ekr^^nts  of 
Conies)  Si  Diameter  of  the  Ellipfe,  and  f  by  26. 
Dat.)  given  by  pofition  ;  becaufe  paffing  thro' 
the  given  points  B  and  A.  Draw  thro'  £,  the 
Line  L  X,  parallel  to  E  F,  meeting  the  Ellipfe  in 
Xy  the  right  line  M K  in  D,  and  NH  in  C.  And 
let  the  right  lines  XX,  L  Mconneded,  meet  the 
right  line  HAT  (if  need  be  produced)  in  the 
points  P  and  G,  By  Trcp,  1.7.  B.  3.  Ehm,  Conic  of 
Afolloniusy  the  redangle  XD  L,  is  to  the  re^angle 
MDKzs  ZFq  toZ2^q.  And  XCLiNCHii 
ZF^i:  ZT<j.  An  therefore  XDL:  MDKi: 
XCL:  NCH.  But  fasfhall  be  fliown  hereafter,) 
XDL,  MDK  ::  XCL.  G  C  P,  And  therefore 
(by  Prop.  9.  Elem.  ^.)  the  rectangle  NC  His  e- 
qual  to  the  redlangle  GCP,  But  the  rectangle 
NCH  is  given, becaufe  its  fides  NC,C  Hare  given  ; 
for  the  whole  line  N  H  is  given  at  firil  as  well  in 
magnitude  as  pofition,  alfo  the  right  line  £  C  by 
pofition  (  by  28.  Dat.  )  wherefore  (by  25'.  Dat. ) 
the  point  C  will  be  given  ;  So  likewife  will  the 
light  line  G  C,  fince  its  extremes  G  and  C  are 
given  :  Therefore  (by  ^7.  D^t.)  CP  is  given  in 
magnitude :  But  it  is  alfo  by  pofition  ;  therefore 
the  point  P  itfelfis  given.  And  the  point  K  is 
given,-  therefore  the  right  line  KP  ccnnedlng 
rhofe  points  is  alfo  given  by  pof  tion,  and  confe-- 
quently  (by  25' .  Dat,)  the  point  Xin  the  Ellipfe, 
where  the  lines  LC^KD  given  by  pofjcicn  meet) 
"     '      ■       '        F  f  4  is 
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|S  alfo  given.  Join  the  right  lines  NX^  L  H  meet- 
ing the  diameter  EF  (if  need  be  produced)  in 
'R  and  Si  And  then  (by  the  above  died  Trof,  17, 
B,   9,  Elem,  of  Conic.)  both  JVC  H  will  be  to  XC  i, 
and  NAH  to  EAF^  as  ZYq  to  ZFq  j  from  whence 
NCH.  XCLiiNAH.  EAF.    And  by  what  is 
below    demonftrated,    NC  H.  X  C  L:i  NA  H. 
RAS;  therefore  (by  Trop.  9.  Ekm,  f.)  the  red- 
angle  RAS  is  equal  to  the  rectangle  EAF,   But 
RAS  is  given  (fince  the  three  points  A^  R^  and  § 
are  given,  A  as  was  (hewn  above,  R  and  S  by 
the  25"  of  the  Data^  natnely  the  concourfe  of  th^ 
right  line  E  F  given  by  pofition  with  the  right 
fines  XN^  HL  given  by  pofition^ )  therefore  the 
j-edangle  £^i^  will  be  given.     After  the  like 
manner  the  redangle  EBF  may  be  found ;  and 
the  points  A  and  B  are  given,  therefore  fo  is  E  F 
in  magnitude ;  as  we  jQiall  fliow  hereafter.    But 
its  pofition  was  found  before;  wherefore  the 
dianieter  £  F  is  given  in  Pofition  and  Magni- 
tude.    Moreover   TT^  is  to  EF^  as    NCH 
to  XCL^   as  was  fliewn  above;    that  is,    (by 
I  Dat,)  in  a  given  ratio,  becaufe  the  rea:angle| 
NC  Hy  XC  t  are  given ;  wherefore  the  fubdupli- 
cate  ratio  of  the  former,  namely  the  ratio  of  TT 
to  EF  (by  24  Dat,)  is  alfo  given  :  But  EFis  gi- 
ven, as  was  fhewn  above  ;  therefore  by  2  Dat. 
TT  will  be  given  in  magnitude.    But  its  pofiti- 
pn  IS  given  by  28  Dat.  becaufe  paffing  thro'  the 
point  Z^  which  is  in  the  middle  of  the  right  line 
E  F  given  in  pofition  and  magnitude,  parallel  to 
the  right  line  NH  given  in  pofitio^.    Therefore 
the  right  lines  E  F,  TTavQ  given  in  Pofition  and 
Magnitude,  namely  the  conjugate  diameters"  of 
the  EUipfe,  palling  thro'  the  five  given '  points 

C  4^  s  E  11.  But  now  ]et  us  fuppofe  that  the 
right  lines  MH,  NK,  [jg:  59.]  are  no^  paral- 
lel. 
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lel^  nor  any  other  two ;  Therefore  thefe  lines 
MH,  NK  (at  leaft  produced)  will  interfed  on6 
another ;  for  inftance  in  the  point  L,  which  will 
be  given  by  25:  Dat,  draw  thro'  L  the  right  line 
Z.F  parallel  to  MH,  meeting  the  right  line  NK 
In  ^,  which  (by  zS  and  25:  Dat.)  will  alfo  be 
given.  And  the  ratio  of  the  redangle  N^K  to 
thereaangle  L^Fv/ill  be  given,-  namely  the 
fame  (by  Prop.  17.  B.  3.  of  the  Elem.  of  Con.)  with 
that  of  the  given  redangle  N^IX  to  the  given 
MIH.  But  the  rectangle  N^K  is  given,  fince 
its  fides  N^and  X^ are  given;  and  therefore 
the  re<aangle  L  ^Fis  alfo  given :  From  whence, 
fince  £  ^  is  given  by  ^7  Dat.  the  right  line  ^jT 
|s  given  in  magnitude ;  but  alfo  in  pofition,  be- 
caufe  a  parallel  thro'  the  given  point  ^  to  the 
right  line  MH  given  by  pofition;  therefore  the 
point  ritfelf  by  27  Dat.  fmce  the  magnitude  and 
pofition  of  the  right  line  ^V  and  the  other  ex- 
tremity ^  are  given.  Thus  therefore  we  come 
back  to  the  former  Cafe ;  for  there  are  given  the 
five  points  N,M,l,V,H,  or  M,L^K,V,H,  thro' 
which  the  Ellipfe  may  pafs^  and  yet  fuch  as  the 
two  right  lines  LV\  MH  may  be  parallel.  By 
what  has  been  faid  therefore  the  conjugate  dia- 
meters of  that  Ellipfe  may  be  found.    ^  E.  F. 

Let  there  he  two  right  lines  GP,  MK,  parallel  to  one 
another y  on  which  let  the  right  line  XC  D  L  [Fig.  31.] 
fally  and  from  any  pints  of  it  X  and  L  draw  any  how 
the  right  lines  L  MG,  X  P  K  meeting  the  parallels  in 
M,  G,  R  ^wi  K  :  I  fay^  the  reflangle  X  D  L,  is  to 
M  D  K  as  XCL  to  the  reBangle  G  C  P. 

The  ratio  of  the  redangle  X  D  L  to  the  rect- 
angle MDK  fby  Trop.  23.  Elem.  6.)  is  compoun- 
ded of  the  ratio  of  XD  to  D  K,  and  of  the  ratio 
of  J^D  to  DM;  and  the  ratio  of  the  redangle 
XC  I.  to  the  redangle  GC  P  of  the  ratios  of  XC 
to  C  P  and  f  C  to  C  G.  But  'becaufe  of  the  pa- 
rallels 
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rallels  MDK,  GCV,  X D  isto  DK::  XC.CP; 
and  LD.  DMiiLC.  CG.  Since  therefore  the 
compounding  ratios  are  equal,  the  compounded 
ratios  will  alfo  be  equal ;  that  is,  XD  L  to  MDK, 
as  XCL  to  GCP. 

If  both  the  re^ angles  E  A  F,  E  B  F  are  given y  and 
the  Joints  A  and  B  nre  given  \  the  pints  E  and  F  are 
alfo  given,  fufpofing  E  A  B  F  ,^  rightUne, 

For  fuppofe  the  redangle  ^  4  C  to  be  equal  tp 
the  redangle  EAF,  and  the  redangle  AED  equal 
to  the  redangle  EB  Fi  And  therefore,  fince  f by 
Hyp,)EJFandBA  are  given,yi'C  (by  ^jDat.)  is  al- 
fo given.  In  like  manner,  fmce  EBF  and^  J5  are 
given,  A  D  will  be  given.  By  reafon  of  the  for- 
mer equality  f  by  i6.  Elem.  6. )  FA.  ABii  AC. 
A  E,  and  by  converfion  of  ratios,  Fj,BF::AC. 
C  E,  Again,  by  reafon  of  the  latter  equality  EB, 
B  Di:  A  B,B  Fy  \_Fig.  32.]  and  by  compounding 
ED:  BD::  FA.  B F.  From  whence  (  by  Prop, 
11.  EL  f.)  A  C.  C  E  : :  E  D.  B  D  :  And  therefore 
the  rectangle  contained  under  A  C  and  B  D  is  e- 
qual  to  the  redangle  under  CE^ED,  But  the 
redangle  under  AC  and  SD  is  given,  (for  both 
right  lines  are  given)  therefore  the  redangle  un- 
der CE,  ED  is  alfo  given.  And  becaufe  this 
given  redangle  is  applied  to  the  given  rightline 
CD,  (compofed  of  the  parts  C  A  and  AD  which 
are  givenj  and  wants  of  a  fquare  Figure,  C  E 
(by ^5- 8  Dat.  )  will  be  given  ;  and  confequently 
AE  ( by  4  Dat.)  and  becaufe  the  redangle  E  AF 
was  given  at  firft^  the  right  line  A  F  will  alfo 
be  given  ;  that  is,  the  points  E  and  F  will  be  gi- 
ven. 

Proposition  XXXII.  Lemma. 
^T^  O  find  the  Foci  and  Vertices  of  an  Ellipfe  that  is 
JL      fo  pafs  thro'  five  given  Poi^Us,  a7id  confequently 
to  dtfcribe  the  Ellipfe  pajfing  thro'  the  five  given  Points. 

PappusinBookS,  Math,  Coll.  propofes  and  con- 

■     '  ftruds 
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ftru6ts  this  Prob.  and  the  prec.for  the  ufe  of  Archie 
jeds :  Namely,  having  a  portion  of  the  fuperficies 
of  arightGyUndergiven^thaLhasno  part  prtferved 
intire  in  the  circumferences  of  the  Bafes,  to  find 
the  thicknefs  of  the  Cylinder.  Thefe  the  Aftro- 
nomers  afterwards  converted  to  their  ufe.  By 
,the  preced.  Lemm^i  find  any  two  conjugate  Dia- 
meters of  the  Ellipfe,  that  is  to  pafs  thro'  the  five 
given  Points,  and  let  them  be  AB,C  D  bifeding 
one  another  in  the  Center  E.  Produce  BAtoH 
[_Fig.  5 5.]  fo  as  that  the  r.edangle  EAH  may  be 
equal  to  the  fquare  of  D  E ;  by  which  means 
(by  58  Dat.)E  His  given.  Let  a  perpendicular 
KLy  from  X  the  middle  of  EH,  meet  with  MAG; 
a  right  line  parallel  to  DC,  thro'  the  point  A  in 
the  point  L,  which  confequently  is  given  on 
the  account  of  the  right  lines  M  GyK  L  given 
by  pofition.  On  the  Center  L  thro'  E  or  H, 
draw  a  Circle  interfeding  the  right  line  MAG 
in  M  and  G,  whofe  diameter  MG  confequently  is 
given  as  well  in  pofition  (becaufe  'tis  parallel  thro' 
the  given  point  A  to  the  right  line  C  D  given  by 
pofition,)  as  in  magnitude,  (fince  it  is  double  to 
the  right  line  connecting  the  given  points  E  and 
L)  the  right  lines  G  E,  M  E  connecting  them, 
are  alfo  given  as  well  in  pofition  as  magnitude. 
But  their  pofition  is  the  fame  with  the  pofitioaof 
the  Axes  fought :  For  fince  th^  redangle  EAH 
(by  55-.  Elem.^.)  is  equal  to  the  redangle  MAG, 
and  by  conftrudion  EAH  equal  to  the  fquare  of 
DE;  EDI  will  be  equal  to  MAG,  or  fby  17 
Prop.  Ele?n,  6J)  E  D  v/ill  be  a  mean  proportional 
between  MA  and  AG;  and  confequently  (by 
Frop.  88.  5.  3.  of  Greg.  St.  1/incent.)  the  Axes  of  the 
EHipfe  defcribed  upon  the  conjugate  Diameters 
AB,  CD  are  in  the  right  lines  e'g,  E  M  And 
the  magnitude  of  the  Axes  is  thus  expedidoufly 
determined.  Thro'  Ay  ht  fail  perpendiculars 
A  J^i  AN  w  EG.  E  M,  which  therefore  are  gi- 
ven. 
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ven.  Take  in  the  right  line  E  G,  K  O  a  mean 
proportional  between  EG,  E ^;  in  like  manner, 
in  £  il^,  E  R  a  mean  proportional  between  E  Af 
EN*y  the  right  lines  EO,  ER  (  given  by  24 
Dat,)  will  be  the  Semi-axes  of  the  Ellipfe  fby  Prop. 
37.  B.  I.  C&mc)  If  in  GE  produced  you  take  E  P 
equal  to  EO,  and  in  If E  produced,  iBT equal 
toEi^,  the  Axes  OP,  K  r  of  the  EUipfe  will  be 
given  in  pofition  and  magnitude,  together  with 
With  the  points  Q,  R,  P,  T,  which  are  the  princi- 
pal Vertices  of  the  fame.  Moreover,  if  the  greater 
Axe  PO  be  fo  divided  in  5  and  F,  that  the  redan-, 
gle under  PS  and  SO,  as  alfo  the  redangle  un- 
der P  Fand  Fo  be  equal  to  the  Square  made  up* 
bn  RE,  s  and  F  will  be  the  Foci  of  the  Ellipfe ,  by 
Prop,  5:2.  J5.  5.  Elem,  Conk.)  But  thefe  Points  thus 
found  (by  58  Dat.)  are  given ;  and  if  the  Axes  and 
Foci  of  the  Ellipfe  are  given,  the  Ellipfe  may  be 
defcribed  by  Prop.  J4.  B.  i.  Conies  of  ApoUonius, 

There  is  no  need  of  annexing  here  the  form 
pf  a  Trigonometrical  Calculation  fuited  to  this 
Problem :  For  it  is  well  knovv^n  to  Geometers, 
that  whatever  is  found  out  by  the  help  of  Euclid's 
Data,  may  alfo  eafily  be  found  by  a  Calculation^, 
proceeding  cxadly  after  the  fame  manner,  and 
generally  in  a  Trigonometrical  manner,  as  it  hap- 
pens here  :  Indeed  the  inveftigation  of  any  Pro- 
blem by  the  help  of  Euclid's  Data^  is  an  univerfal 
method  of  determining  it,  and  very  ufual  with 
^he  Ancients. 

Proposition  XXXIII. 

Fl'ue  Centric  f laces  ofaPlanet  and  the  Dijiances  from. 
the  Sun  being  giuen,  to  find  its  Orbit. 
In  the  preceding  Propofitions,  while  we  were 
determining  the  Orbits  of  the  Planets,   we  fuppo- 
ied  nothing,but  what  was  agreeable  to  Obfcrvati- 
pns  exaiflly  m^adeas  well  as  to  the  Phyfical  Caufesof 

' '  th^k 
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their  Motions  demonftrated  in  Book  is  Namely,' 
that  the  Orbit  of  any  Planet  is  an  Ellipfe,  one  of 
whofe  Foci  is  the  Sun  at  reft,  and  that  a  Planet 
defcribes  it  after  fuch  a  manner,  as  that  its  Area  s 
or  Sedors  contained  between  right  lines  drawn 
to  the  Sun,  and  the  Arcs  of  the  Eilipfe  are  pro- 
portinal  to  the  Times  wherein  the  faid  Arcs  are 
defcribed  by  the  Planet.  For  tho'  we  have  fup- 
pofed  in  Trof.  14.  with  Wardy  for  a  little  while, 
that  a  Planet  deicribes  its  Orbit  fo,  as  that  its  an- 
gular motion  at  the  Focus  of  the  Eilipfe  in  which 
the  Sun  is  not ;  yet  this  was  only  done^  becaufe 
in  the  Orbit  of  the  Earth,  which  is  not  very  ex- 
centric,  an  approximation  is  made  to  the  equal 
defcription  of  Areas  by  a  radius  drawn  to  the  Sun^ 
as  is  not  to  be  difregarded,  as  was  fhown  in  Vrop* 
7.  And  we  corrected  the  Orbit  of  the  Earth  de- 
fined according  to  that  Hypothefis,  as  much  a$ 
we  pleafed  in  the  following  ij^^  Propofition. 
But  in  this  Propofition  we  fliall  not  fo  much  as 
fuppofe  that  the  Sun  is  placed  in  the  Focus  of 
each  Orbit  ^  but  ftiall  defcribe  the  Orbit  by  the 
help  of  five  given  Centric  Places,  and  as  many 
Diftances  from  the  Sun,  independently  upon  it : 
And  by  this  means  the  truth  of  the  preceding 
Prop,  will  appear  clearer,  fince  the  Sun  will  be 
found  to  be  placed  in  the  common  Focus  of  the 
Orbits  thus  defcribed. 

The  Centric  places  of  the  Planet  being  given, 
the  right  lines,  wherein  it  is  feen  from  the  Sun,  are 
alfo  given  by  pofition :  Let  them  be  5  iV,  5  Af,  5£, 
5Xand  SHi  [i%.  34.]  and  the  correfponding 
Diftances  from  the  Sun  being  given,  the  points 
NyMyLyK  and  H  (by  27  Dat,)  are  given.  Thro* 
thefe  points  fby  the  help  of  the  preceding  Lemma^ 
defcribe  an  Eilipfe,  and  it  will  be  the  Orbit  of  th^ 
Planet  fought.  And  by  the  fame  Lemma  the 
Vertige§  v/ili  be  found,  as  alfo  the  Foci,  Pofition 

©f 
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of  the  greater  axe  and  the  other  things  that  are 
required  in  the  Grbit  of  the  Planet.     ^  E,  K 

pROPOSI'TiON  XXXIV. 

TO  determine  the  Centric  Tlace  and  Difiance  from 
the  Sun ^of  any  Vianet  propofed^at  any  gi'ven  Time, 

The  plane  of  the  Planets  Orbit,  the  pofitiort 
of  the  Line  of  the  Apfides  and  the  Species  of  the 
Planet's  Orbit  being  determined,  (by  thepreced. 
Trop,)  that  is,  the  Orbit  it  felf  being  defcribed  in 
its  proper  Situation  about  the  Sun,  fuppofe  AL? 
\_Fig.  %^.']  and  the  Moment  being  known  (hy  Vrop, 
2^.)  when  the  Planet  was  fome  time  or  other  in 
the  Apfis  alfo  the  Periodic  Time  of  the  Planet 
(by  Prop.  2;.)  the  Time  fince  it  was  laft  in 
the  Apfis,  (1;.  g.  A)  will  be  kiiown,  or  the  ratio 
of  the  faid  Time  to  the  whole  Periodic  Time 
will  be  known  ;  that  is,  by  the  Law  of  Motion 
of  the  Planets,  demonftrated  in  B,  i.  fuppofing 
the  Place  of  the  Planet  Z.,  the  ratio  of  the  area 
ALS  to  the  whole  Ellipfe  ALFA  ts  known. 
Find  therefore  the  Angle-y^  5£  hy  Frop,  ;,  4,  6, 
or  7.  Therefore  the  right  line  SL  is  given  by 
Pofition,  fince  it  is  inclined  in  a  given  angle  to 
TA  the  Line  of  the  Apfides  given  in  pofition :  As 
alfo  in  magnitude,  by  the  fame  Proportions, (finee 
this  is  given  in  the  parts  of  the  Aphelion  diftanccj 
of  the  Sun  SA,  which  is  defined  above  in  the  parts 
of  the  Mean  diftances  of  the  Earth  from  the  Sun, 
which  is  looked  upon  as  the  common  meafure  of 
thefe  lines;)  that  is,  the  Place  of  the  Planet  pro- 
pofed  feen  from  the  Sun, and  its  Diftance  from  the 
fame. 

And  vice  verfa  the  Time  may  be  found  when  a 
Planet  fhall  be  in  a  given  Heliocentric  Place;  by 
finding  the  mean  Anomaly  f  by  the  preced.  Frop.) 
from  the  coequated  Anomaly  given,  to  the  former 
of  which  the  Time  is  proportionaL 

Pro- 
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Proposition  XXXV. 

AT  a  given  Time  to  find  the  Geocentric  "Place  of  a 
Planet^  as  to  Longitude  and  Latitude y  and  the 
Difiance  of  the  Phnet  from  the  Earth. 

Find  (by  Prop.  18.)  the  Heliocentric  Place  of 
the  Earjh  in  its  proper  Orbit/  at  the  Time  given, 
and  (by  the  preceding)  the  Heliocentric  Place  al- 
fo  of  the  Planet  propofed  in  its  Orbit,  with  the 
refpedive  Diftances  from  the  Sun. 

Let  S  (in  Fig,  3  6.)  reprefent  the  Sun^  T the  place 
of  the  Earth  in  its  Orbit,  L  the  place  of  the  Pla- 
net in  its  Orbit.  Let  the  right  line  SN  be  the 
Common  interfedion  of  the  Planes  of  thefe  Orr 
bits,  which  is  extended  thro'  the  Sun,  fbecaufe 
the  Sun  is  in  both  Planes)  and  whofe  pofition  is 
given  (by  Prof,  19.;  Befides,  the  place  of  the 
Earth  r being  given,  the  right  line  ST  and  the 
angle  TS  Nin  the  Plane  6f  the  Ecliptic,  are  gr^ 
Ven;  and  the  Place  £  of  the  Planet  being  given^ 
the  right  line  SL  and  the  angle  LSN^in  the  pland 
of  the  Orbit  of  the  Planet  are  given.  Draw  throf 
L  and  5,  and  through  £  and  T^  the  Planes  of  the 
Circles  of  Latitude  perpendicular  to  the  plane  of 
th^  Ecliptic,  whofe  common  interfedion  the  right 
line  L  E  (by  Prof,  19.  Eiem.  it.)  is  perpendicular  to 
the  plane  of  the  Ecliptic.  Draw  in  the  plane  of 
the  Planet's  Orbit  the  right  line  LIST,  perpen- 
dicular to  5N,  and  the  line  EN  (by  theconverfe 
oiProf.  II.  Elem,  1 1.)  will  alfo  be  perpendicular 
to  the  fame  S  N. 

In  the  Triangle  SLN  rightangled  at  N^ 
SL  and  NS  L  are  given;  from  whence  the 
Side  L N  will  be  given.  In  the  Triangle  LE  N 
rightangled  at  £,  there  are  given  the  Side  L  N 
lately  found,  and  the  angle  LNE,  which  (by 
Def.  6,  Elem.  ii  )  is  equal  to  the  Inclination  of  the 
Orbit  of  the  Planet  to  the  Ecliptic,  found  by 

Prof. 
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Trop.  20.  L  E  and  E  N  are  therefore  given.  Befides 
in  the  Triangle  LESy  rightangled  at  E,  the  Sides 
X.E  and  LS  are  given  j  therefore  the  Side  SE,  the 
Curtate  Difiance  of  the  Planet  from  the  Sun  is  given. 
In  the  Triangle  ESNy  befides  the  rightangle  at 
Ny  there  are  given  ESy  and  EN  found  before  5 
therefore  the  angle  ESN  will  be  given,  the  Heli- 
ocentric Longitude  of  the  Planet  computed  in  the 
Ecliptic  from  the  Node  Ni  But  the  Place  of  the 
Node  in  the  Ecliptic  is  given;  wherefore  the  He- 
liocentric Place  of  the  Planet  in  the  Ecliptic  will 
alfo  be  known.  Again,  in  the  Triangle  TSE^ 
TS  is  given  at  firft,  and  SE  was  found  juft  now| 
the  angle  TSE  is  alfo  given  (equal  to  the  fum  or 
diiFerence  of  the  given  angles  2" S  JST,  ESN^  be- 
eaufe  the  three  right  lines  STy  SE^  SN^  are  in 
the  Plane  of  the  Ecliptic,  which  is  alfo  called 
the  Angle  of  Commutation :  And  therefore  ail  the 
reft  is  given,  namely,  the  angle  T£  5,  calFd,  The 
Parallax  of  the  Orbit  y  and  STE  the  Elongation  of  the 
Vianet  from  the  Sun;  that  is,  the  pofition  of  thd 
right  line  TEy  or  the  Geocentric  Place  of  the 
Planet  in  the  Ecliptic,  and  TE  the  Magnitude  of 
the  fame.  Laftly,  in  the  Triangle  TELy  right* 
angled  at  £,  the  Sides  TE  and  EL  are  given  | 
therefore  TL  the  Diftance  of  the  Planet  from  the 
Earth,  and  the  angle  LTE  the  Geocentric  Lati- 
tude of  the  Planet  v/ill  be  knowa 
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BookllL     ^/  A  s  TR o  N o  M i:     4^1 


Sictioisr  IV. 

Of  the  greateft  Elongation  of  the  Planets 
from  the  Sun,  their  Diredion,  Station^ 
and  Retrogradation. 

Proposition  XXXVL 

TO  determine  the greatefi  Elongation  from  the  SuH 
of  a  given  Vianet ,  feen  from  a  fuperior  one  alf6 
jgiveny  and  it's  Time. 

Let  S  be  the  Sun^  TR  the  Orbit  of  a  more  re- 
mote Planet,  \Jig.  57.]  VV  of  a  nearer.  Let  the 
radius  5rof  the  nearer  Planet  bedrawn  any  how^ 
and  perpendicular  to  it  VT^  meeting  the  more 
diftant  Orbit  in  T,  which  confequently  (by  16. 
EL  3.)  will  touch  the  Circular  Orbit  VV  in  V. 
The  inferior  Planet  will  be  feen  by  the  fuperior 
in  Ty  to  be  at  its  greateft  Elongation  from  th^ 
Sun  in  V:  For  a  right  line  drawn  from  any  other 
point  (as  v)  of  the  Orbit  P^to  7",  will  contain, 
%  leffer  Angle  with  TS,  Therefore  in  the  Tri- 
angle TVSy  rightangled  at  F,  the  ratio  of  thd 
Sides  STi  5r  (namely  the  Diftances  of  thegiteii 
Planets  from  the  Sun)  is  given ;  therefore  the  o- 
ther  angles  TSVy  STV  are  known,  the  latter  ojf 
>vhich  is  the  greateft  Elongation  of  the  Planet 
from  the  Sun,  the  other  TSV  is  the  angle  of 
Commutation  or  Heliocentric  Diftance  of  the  Pla- 
nets. Whenever  therefore  the  angle  of  Commu- 
^tation,  found  juft  now,  happens,  it  at  the  fame 
ititne  happens  that  the  inferior  Planet,  feen  front 
the  fuperior^  is  at  its  greateft  Elongation  fron* 
the  Sun. 

i  We  have  hitherto  fuppofed  the  Orbit  Of  both 
! Planets  to  be  Circular^  but  if  due  regard  be  had 
'    '"  Gg  t^ 
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to  their  Elliptic  Figure^  the  Problem  is  folvable 
much  afcer  the  f^mQ  manner.  For  the  angle 
SFT IS  given,  that  the  right  line  FT  ^Fig,  38.] 
touching  the  Orbit,  makes  with  the  radius  5  r, 
inclined  in  an  alTumed  Angle  10  rhe  Line  of  th6 
Apfides^befidesoris  given  in  magnitude,  fmce  its 
Inclination  to  the  Diftance  of  the  Aphelion  5  «  al- 
ready given  in  magnitude  is  known ,  and  becaufe 
the  angles  AS  etj  aSV^lvq  known,  alfo  the  angle 
VS  Ty  (very  nearly  equal  to  that,  which  would 
be  were  both  Orbits  circular;)  the  angle  AST 
will  alfo  be  known,  and  confequently  S  T  will 
be  known  in  magnitude^  from  whence  what  re- 
mains is  done  as  before.  In  this  cafe  the  greateft 
Elongation  changes  according  to  the  different  Di- 
ftance of  the  point  V  (where  it  is  celebrated) 
from  the  Aphelion  of  its  proper  Orbit:  For  it  is 
greater  {ceteris  farihus)  in  c&  the  Aphelion  of  the 
inferior,  lefs  in  t  the  Perihelion,  a  mean  in  the 
mean  Longitude ;  it  is  alfo  various,  the  place  V 
of  the  inferior  remaining  the  fame,  according  as 
the  fuperior  is  (icuated  in  T  or  ?. 

Proposition  XXXVIL 

ANY  Trlmary  Flanet  feen  from  any  other  Vrintary^ 
appears  m  feme  fart  of  its  Orhlty  Stationaryy  iH 
another  Dire^y  and  lajily  in  another  Retrograde, 

Let  S  be  the  Sun,  [F/g-.  39.]  about  which  two 
Planets  revolve  from  D  thro'  C  towards  By  the  Or- 
bit of  the  nearer  P^r,*  of  the  more  diftant  R  2  5 
the  arcs  defcribed  bv  them  in  equal  fpaces  of 
rime  AR,  V  B.  Draw  S  R  any  how  meeting 
the  nearer  Orbit  in  P.     Between  S  R  and  S?  lee 

5  M  be  a  Geometric  Mean.  Then  (by  Prof,  27- 
B.  I .)  the  Velocity  of  the  more  diftanc  Planet  is 
to  the  Velocity  of  the  nearer,  as  S?  to  S  Mi 
But  the  Spaces  defcxibed  by  Bodies  in  Motion,  in 

equal 
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equal  Times  are  as  their  Velocities  j  and  therefora 
-^R  is  to  ?B,  as  SP  to  SM ;  wherefore  ARh  lefs 
than  PB,  And  it  is  plain  that  it  is  poffible  for  two 
parallel  right  lines  HADb,  GRCg  to  be  drawn 
thro' ^  and  i?,  fo  as  that  the  arc  of  the  nearet 
Orbit  intercepted  by  them,  is  equal  to  the  arc  PB* 
For  parallel  right  lines  may  be  fo  drawn^  that  as 
much  as  C  D  (equal  to  P  B)  is  grea^^r  than  AR, 
fo  much  it  may  be  more  oblique,  (and  the  arc  of 
the  interior  Orbit  is  given,  which  is  as  oblique 
to  the  parallels  thro'  A  and  R  as  you  pleafe,)  that 
the  arc  C  D  compenfating  the  greater  length  by  its 
greater  obliquity,  may  touch  both  of  the  parallel 
right  lines  in  their  extremities.  Which  being 
fuppofed,  if  the  Planets  be  found  in  fuch  a  fitua* 
lion  in  regard  of  one  another  as -4  and  Dare 
here;  that  is,  if  the  angle  of  Commutation  at  ths 
Sun  be  equal  to  the  angle  AS  D^  (which,  it  is  e* 
vident,  it  will  be  twice  neceffarily  between  the 
two  next  Conjundions  of  the  Planets  propofed 
feen  from  the  Sun,)  the  one  feen  from  the  othet 
all  that  fpace  of  time,  wou'd  be  refer'd  to  the? 
fame  Fix'd  Stars;  that  is,  it  would  appear  Statio- 
nary. For  the  fuperior  at  A  is  feen  from  the  in- 
ferior atD,  in  the  right  lineD^H,  and  white 
the  fuperior  is  going  to  R,  the  inferior  is  going 
to  C,  (fince  by  fuppofition  DCisto  AR^ls  the  Ve- 
locity of  the  Planet,  which  is  nearer  to  the  Sun, 
is  to  the  Velocity  of  the  more  diftantsj  Thae 
therefore  feen  from  this,  in  the  right  line  CR 
will  be  referred  to  the  fame  place  among  the 
Fix'd  Stars,  to  which  it  was  before  referred,  fmce 
the  diftance  between  the  Parallels  DA^  CR  vani^ 
Ihes  in  comparifon  with  the  diftance  of  the  Fix'd 
>Stars.  And,  for  the  fame  reafon,  the  inferior 
Planet  defcribing  the  are  DC  viewed  from  the  fu- 
perior, while  it  defcribes  the  arc  AR  in  the  fame 
Gg  a  tlnie^ 
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time,  will  alfo  appear  Stationary.  In  like  man- 
ner, if  the  Planet  next  the  Sun  be  on  the  other 
lide  of  the  point  P,  (in  which  being  viewed  from 
the  Sun,  it  feems  in  con  junction  with  the  more 
diftanc  Planet ;  that  is,  in  which  the  :^\m  and  fu- 
perior  Planet  viewed  from  the  inferior,  are  feea 
in  oppoficion,  and  where  the  inferior  feen  from 
the  fuperior  appears  in  conjundion  with  tlie  Sun,) 
and  as  far  diftant  from  it,  namely  where  the  vifual 
rays  of  any  fenfible  time  are  again  parallel  to  one 
another,  for  inflance,  atcd,  the  one  feen  from 
the  other  will  again  appear  Stationary. 

I  fay  further,  that  before  the  Planet,  which  is 
nearer  to  the  Sun,  arrives  at  the  beforemention'd 
lituation  in  refped  of  the  fuperior,  that  is,  the 
fuperior  being  in  R,  before  the  inferior  arrive  at 
D'y  the  one  feen  from  the  other  will  appear  to 
move  in  confeqmntia.    For  let  the  arc  D  F  be  taken 
equal  to  VB  or  DC,  and  join  the  right  lines  FA, 
'DRy  and  produce  them  both  ways  in  RAFL  and 
IRDL^  they  will  not  be  parallel,  but  diverge  ton 
wards  the  parts  beyond  RA  (in  refpedt  of  the  Sun, 
fcut  on  this  fide  they  will  converge  and  concur, 
for  inftance,  in  the  point  L,  from  whence  they 
will  again  diverge.    For  fince  (by  fuppofition) 
DAy  CR  are  parallel,  and  DF equal  to  CD,  but 
^ore  oblique  to  RD  than  C D  is  to  RC;  *tis  evi- 
dent that  DRy  FA  diverge  on  the  other  fide  of 
JiAy  and  converge  on  this  fide  of  RA;  viz,,  ei^ 
(her  behind  DF,  if  it  be  in  that  part  of  the  nearer 
Orbit  that  is  turned  towards  R  (as  in  the  cafe 
of  this  Figure)  or  between  R^  and  DFy  it  in  that 
part  which  is  turned  from  it.    If  now  the  infe-^ 
rior  being  in  F,  the  fuperior  be  in  ^,  the  latter 
viewed  from  the  former  will  be  feen  in  K :  But 
the  inferior  being  arrived  at  D,  the  fuperior  is 
gpt  to  R  (by  fuppofition)  an4  is  ft^a  from  it  at  /. 
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But  to  come  from  the  fituation  of  K  to  the  ficua- 
tion  of  I  is  to  move  in  confeejuentia^  or  to  be  Di- 
red ;  for  any  of  the  Planets  feen  from  the  Sun, 
moves  in  cofjfifuentia  from  A  to  Ry  or  from  D  to 
C.     Nay,  even  the  inferior  feen  from  the  fiiperi- 
or  at  the  lame  time  feems  Direct ;  For  the  inferi- 
or in  ."  will  be  feen  from  the  fuperior  A^t  k;  and 
afterwards  the  inferior  at  D  will  be  feen  from  the 
fuperior  in  R  at  i  :  But  to  change  place  from  k 
to  /,  is  alfo  to  tend  in  confequentia  ^  for  the  Sun 
feen  from  any  Planet  feems  to  move  in  confequen- 
tia ;  namely  from  S  towards  ^  In  like  manner, 
after  the  Planet,  which  is  nearer  to  the  Sun,  has 
paffed  the  fecond  Station  at  ^,  it  becomes  dired: 
again,  and  continues  fo  till  the  inferior  arrive  a- 
gain  to  a  fituation  in  refped  of  the  fuperior,  (as 
jis  D  in  regard  of  A ;)  which  it  will  do  after  it  has 
compleaied  an  intire  revolution  from  the  for- 
mer place  D,  and  fo  much  of  another  befides,  as 
is  requifite  for  it  to  recover  the  faid  fituation  a- 
gain,  in  regard  of  the  more  diftant  Planet,  that 
had  in  the  mean  time  gone  forwards, 

I  fay  third!y,that  the  one  will  appear  Retrograde 
to  the  other,  after  that  the  Planet  that  is  nearer  to 
the  Sun  has  got  beyond  the  above  defcribed  boun- 
dary D C  orthe  firft  Station, and  has  not  arrived 
at  the  fecond  c  d.  Let  C  E  be  taken  equal  to  P^, 
or  DC  ^  draw  the  right  lines  C  AyER^  and  he 
them  be  produced  both  ways  into  OCATo^  and 
NE  R  Tny  which  are  not  parallel,  biit  diverge 
towards  the  parts  C  B,  and  converge  towards  u4R^ 
and  being  produced  meet,  for  inftance  in  r,  be- 
caufe  by  fuppofition  DA^CR  are  parallel,  and 
C  £  is  equal  to  D  C,  but  lefs  oblique  towards  R  E 
than  C  D  is  towards  RC,  If  now  while  the  fu- 
perior is  in  Ay  the  inferior  be  in  C,  this  will  be 
feen  from  that  in  O,  and  that  <vic£  ^qcrfa  will  be 
eg?  ktxi, 
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feen  from  this  in  o :  But  when  the  fuperior  is  got 

to  R,  and  the  inferior  is  found  at  £,  this  will  be 

feen  from  that  at  N,  but  that  will  be  feen  from 

this  at  n.    But  'tis  evident,  that  to  feem  to  move 

from  O  to  Ny  or  from  o  to  »,  is  to  move  contra-^ 

ry  to  the  order  of  the  Signs ;  fince  from  S  to  ^, 

or  from  ^  to  JR  is  according  to  the  order  of  the 

Signs ;  namely  that  wherein  the  Primary  feen 

from  the  Sun,  or  we  ^verfa^  the  Sun  feen  from  the 

Primary  feems  to  tend.    And  this  apparent  Re- 

trogradation  of  the  Superior  feen  from  the  Inferi^ 

or^or  of  the  Inferior  from  the  Superior,  continues 

from  the  celebration  of  the  firft  ftation  at  D  C,  to 

the  fecond  at  c  d:  But  by  reafon  of  the  motion 

of  the  more  diftant  Planet,  this  fecond  ftation  is 

removed  a  little  in  confequentia,  or  beyond  th^ 

place  cd  here  expreffed.    'Tis  therefore  evident, 

|hat  any  Primary  feen  from  another  Primary 

in  fome  part  of  its  Orbit  is  Direct,  and  in  fome 

Retrograde;   and  laftly,  in   fome    Stationary, 

COROLLART,    i. 

'Tis  evident  ftom  the  demonftration  of  this 
Proportion,  that  a  fuperior  Planet  feen  from  an 
inferior  appears  at  the  fame  time  Dire<5t,  Stationa- 
ry, and  Retrograde,  that  the  inferior  feen  from 
that  fuperior  does. 

CO  R p  L  L  ART2. 

The  more  unequal  the  ratio  between  the  Or* 
bits  of  two  Planets  is,  the  nearer  its  place  in  the 
Orbit  of  the  inferior,  in  which  the  inferior  is  found 
while  the  one  feen  from  the  other  appears  Statio^- 
Jiary,  is  to  that  point  of  it,  from  which  a  right 
line  drawn  to  the  more  diftant  Planet,  touches 
the  Orbit  of  the  inferior ;  that  is,  where  the  in- 
ferior feen  from  the  fuperior  (by  Tr op.  26. )  ^pr 
pears  in  its  greateft  Elongation  from  the  Sun  ^ 
and  the  angle  greater  wherein  the  Sun  and  fupe-- 

llot 
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rior  Planer,  feen  from  the  inferior,  feem  to  be  di- 
ftant  from  one  another.  For  the  greater  the  ra- 
tio of  5  R  is  to  S  P,  the  greater  vvili  the  fubdupli- 
cate  of  the  latter,  namely  the  ratio  of  R  5  be  to 
MS;  th>tris,  (by  conftrndion)  the  ratio  of  CD 
to  R  ^.  An4':he.refore  the  line  C  D  muft  be  more 
oblique  to  R  C  or  A  D,  that  D  JyRC  may  be- 
come parallel ;  but  it  is  evident  that  C  D  is  fo 
much  the  more  oblique  as  it  is  nearer  to  the  point 
of  the  inferior  Orbit,  from  whence  a  right  line 
drawn  co  R  touches  it. 

From  hence  it  is,  that  to  make  Saturn  Statio- 
nary there  is  need  of  fo  fmall  a  receffion  of  the 
Earth  from  the  point  of  its  Orbit,  where  a  right 
line  drawn  to  Saturn  touches  it,  towards  the 
point  where  the  Earth  comes  between  the  Sun  and 
Saturn ;  to  make  Jupiter  Stationary,  a  greater  re- 
ceflion  from  the  point  of  conta<^  of  the  Orbit  of 
the  Earth,  with  a  right  line  touching  it  drawn  to 
Jupiter^  to  make  Mars  the  greateft.  Therefore 
Saturn  is  Stationary,  when  feen  from  the  Earth  it 
is  diftant  a  little  more  than  a  Quadrant  from  the 
Sun  3*  that  is,  between  the  Quartile  and  Trine 
Afped ;  Jupiter  will  appear  Stationary  almoft  in 
the  Trine  of  the  Sun ;  Mars  beyond  the  Trine. 

Hence  it  is  alfo  that  the  arc  of  the  Orbit  of  Mer- 
cury intercepted  between  the  point  where  Mer- 
fcury  is  feen  from  the  Earth  at  its  greateft  Elon- 
gation from*  the  Sun,  and  the  point  where  its  next 
Station  is  feen,  fubtends  a  lefs  angle  at  the  Sun 
than  the  arc  of  the  Orbit  of  Venus  contain^  be- 
tween its  greateft  Elongation  from  the  Sun  and 
next  Station:  And  therefore  fmce  it  fubtends 
both  a  lefs  angle  at  the  Sun,  and  belongs  to  a  lefs 
Circle,  and  befides  is  prefented  more  Obliquely 
to  the  Earth,  obferving  it,  and  is  more  diftant 
Ifom  it  J  'tis  evident  that  the  Stations  of  Mercury 
'  !  Gig  4  are 
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are  much  nearer  to  its  greateft  Elongations  from 
the  Sun  than  thofe  of  Venus. 

COROLLaRT   5. 

And  from  hence  again  it  follows,  that  in  re- 
fped  of  the  fame  inferior,  in  two  fuperior  Pla- 
nets compar  d  together ;  the  farther  off  the  Suit 
che  fuperior  Planet  is,  the  longer  its  Retrograda- 
tion  continues ;  for  (by  the  preced.  Corol.)  it  be- 
gins fooner  and  ends  later.  But  the  angle  of  Re- 
trogradation  is  lefs,  becaufe  the  Orbit  of  the  gi- 
ven inferior  Planet  feen  from  the  more  diftant 
fuperior  Planet  appears  under  a  lefs  angle,  than  if 
it  were  feen  from  a  nearer:  From  this  Prep,  %j. 
'd§evident,that  the  angle  of  Re  trogradation  (con- 
tained between  two  right  lines  from  the  fuperior 
Planet  oppofite  to  the  Sun,  to  the  places  of  the 
inferior  Orbit,  where  the  one  appears  Stationary 
to  the  other)  is  almoft  equal  to  the  angle  where- 
in the  Orbit  of  the  inferior  is  feen  from  the  fu- 
perior, fmce  the  above  mentioned  points  of  thq 
Stations  are  not  far  from  the  points  of  contad:. 

Hence  it  is,  that  the  Retrogradation  of  Saturn 
feen  from  the  Earth  is  longer,  but  made  along  a 
lefs  arc,  than  that  of  Jupiter  ^  and  that  of  Jupiter 
in  like  manner  to  that  of  Mars. 

COROLLART  Ar* 

But  in  refpecft  of  the  fame  fuperior,  in  two  in- 
ferior Planet§  compared  together  ,♦  the  farther  off 
the  fuperior  Planet  is  from  the  Sun,  the  longer 
|s  its  Retrogradation  and  along  a  greater  arc. 
trhe  former  is  evident  from  the  preced.  CoroU  ilnce 
the  Retrogradation  of  two  Planets  is  mutual  by 
Corol.  i.  The  latter  is  evident  from  hence,  that 
a  Planet  that  is  morp  diftant  from  the  Sun,  while 
it  appears  Retrograde,  defcribes  a  longer  arq 
flower,  and  therefore  fpends  more  time. 

Hence  it  is,  that  Venus  feen  from  the  Earih,  is 
bcih  'anger  Retrogudg,  and  along  a  greater  arc 
fhan  Mercury,  '  CQ^QL« 
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COROLLART,  5. 
Henqe  it  alfo  follows,  that  when  two  fuperior 
planets  are  feen  from  an  inferior  in  Conjuiidion, 
if  that  which  is  farther  oflFfrom  the  Sun  be  Dired, 
that  which  is  nearer  the  Sun  will  alfo  be  Dired  ; 
if  that  which  is  nearer  the  Sun  beRetrograde^that 
which  is  farther  oiF  the  Sun  will  alfo  be  Retro- 
grade. Let  S  reprefent  the  Sun  in  [^Fig,  40.]  IT 
the  Orbit  of  an  inferior  Pianet  ;F  Z^B^FthQ  Or- 
bits of  two  fuperior  Planets,  Draw  S  T  any  how 
interfeding  the  Orbits  of  che  fuperior  in  S  and  R. 
Let  B  be  the  Plage  i|i  the  Orbit  of  the  inferior, 
where  the  inferior  Planet  is  when  the  more  di- 
ftarif  one  in  R  is  feen  from  thence  to  be  Stationa^ 
ry ;  and  let  A  be  the  Place  in  the  fame,  where 
the  inferior  is  found  when  the  next  in  P  feen 
from  the  inferior  appears  to  be  Stationary.  Join 
the  right  line  AV^  AS,  B  R,  B  S.  From  CoroL  2.  it 
as  evident  that  the  Place  A  is  nearer  to  the  point 
I  than  5,  and  that  the  angle  FAS  is  greater  than 
R  BS,  When  the  Planet  in  R  appears  Dired  from 
the  inferior,  the  Place  of  the  inferior  ought  to  be 
farther  diftant  from  I  than  the  Place  B,  for  in- 
ftance  in  C.  Suppofe  now  that  the  nearer  of 
the  fuperior  Planets  feen  from  the  inferior 
is  in  conjundion  with  the  more  diftant  onCj, 
and  it  will  be  therefore  \n  the  point  E,  where  the 
right  line  C  R  interfeds  the  Orbit  P  Z.  By  Frop. 
21.  Elem.  I.  the  angle  EC'S  is  Icfs  than  the  angle 
RBS;  therefore  it  is  much  lefs  than  F  A  S» 
Therefore  a  Planet  feen  in  E  from  C  is  Dired  ^ 
becaufe  to  make  it  Retrograde,  'tis  requifite  that 
BCS  he  greater  than  FAS,  which  is  requifite  to 
jTiake  it  Stationary.  But  the  inferior  being  be- 
tween B  and  A,  the  more  diftant  at  R  will  ap- 
appear  Retrograde,  and  that  which  is  nearer  to  it 
in  conjundion,  ftill  Dired  ^  be(;aufe  the  Planet 
that  takes,  thp  view  |§  UQt  *^  yet  ^:W(\  tQ  the 
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But  if  the  nearer  of  the  fuperior  Planets  ap- 

f)ears  Retrograde  at  P  from  the  inferior,  the  in- 
erior  will  be  between  A  and  J,  for  inftance  in  D, 
If  now  the  more  diftant  Planet  appear  in  con- 
funiStion  with  it,  that  will  be  in  the  right  line 
DS  produced  to  the  Orbit  Ry^  namely  in  F: 
But  the  angle  FD  5  is  greater  (by  Vrof,  21  El  i.) 
than  V  AS^  which  again  is  greater  (by  what  has 
been  fliown j  than  RB  S.  And  therefore  the  more 
diftant  Planet  feen  in  F  from  D,  appears  Retro- 
grade, fmce  to  make  it  appear  Dired,  a  felfer 
angle  at  the  inferior  than  RBS  is  requifite. 

And  hence  it  is  that  when  Saturn  is  feen  from 
the  Earth  to  be  Dired,  Jupiter  and  Mars  can't  be  in 
conjundion  with  him  unlefs  they  alfo  be  Dired| 
or  Mars  can't  be  in  conjunction  with  Jupiter  Di- 
red^  unlefs  when  he  himfelf  is  Direct :  But  either 
Jupiter  or  Mars  Diredt  may  be  in  conjunc^tiori 
with  Saturn  Retrograde,  and  Mars  Dired  may  be 
in  conjunction  with  Jupiter  Retrograde.  But  Ju- 
piter and  Saturn  can't  be  in  conjundion  with 
Mars  Retrograde,  unlefs  they  themfelves  be  Re- 
trograde j  or  Saturn  with  Jupiter  Retrograde^ 
pnlefs  Retrograde. 

L  E  M  M  aJ 

("^  Iven  In  the  quadrilateral  figure  C  G  D  K  f  Fig» 
X  41.]  infcribed  in  a  Circle^  {one  of  whofe  fides 
C  K  is  a  diameter  of  the  Circle y)  the  fide  CG  and  the 
diagonal  C  D,  together  with  the  ratio  between  the  opr 
fofite  fide  KD  and  the  other  diagonal  GIL^  {the  fame 
that  is  between  the  giv^u  right  lines  N  and  M ;  )  fa 
find  the  angle  G  C  D  contained  between  the  given  fide^ 
and  the  given  diagonal. 

Becaufe  the  fum  of  the  Squares  of  the  right  lines 
C  G  and  i<:  G  is  equal  to  the  fum  of  the  Squares  of 
the  right  lines  CD  and  KDy  (for  each  of  the  fums  are 
equal  to  the  Square  of  C  K  j )  the  difference  of  the 

Squares 
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Squares  of  the  right  lines  G  K  2ind  K  D  v/ill  be 
equal  to  the  difference  of  the  Squares  of  the  right 
lines  CD  and  CG,  and  confequently  given.  More- 
over, becaufe  GK  is  to  DK  as  M  is  to  A,  tKe 
Square  of  GX  will  be  to  the  difference  of  the 
Squares  of  Gii:  and  Di^,  as  the  Square  upon  the 
right  line  M  is  to  the  difference  of  the  Squares 
upon  M  and  N ;  being  made  out  of  thofe  in  the 
fame  ratio  with  them  that  are  fimilarly  made  out 
of  thefe,  which  are  proportional  to  thofe :  There- 
fore the  Square  upon  GK  (by  Dat,  2.)  will  be  gi-. 
ven  ,•  the  Square  alfo  of  CK,  made  up  of  the  given 
Square  of  GX    and  the  Square  of  CG,  is  alfo 
given :  Confequently  the  right  lines  themfelves 
CK  and  GK  are  given,  the  right  line  DX  is  alfo 
given,  becaufe  it  has  a  given  ratio  to  GK.     But 
it  is  a  known  Theorem  among  Geometers,  de- 
monftrated  by  Vtokmy,  B.i.of  the  great  Conftru5li- 
ofty  Chaf.x).  that  in  a  quadrilateral  CGDK  infcri- 
bed  in  a  Circle,  the  redangle  contained  under 
CD  and  G  X  is  equal  to  the  redangle  under  C G 
and  DK^  together  with  the  redangle  under  CK 
and  G  D.    And  therefore  the  redangle  under  C  D 
and  GK^  leffen'd  by  the  redangle  under  CG  and 
X  D  is  equal  to  the  redangle  under  C  i?:  and  G  D. 
But  the  redangled  Parallelograms  that  are  con- 
tained under  the  given  right  lines  are  given,  and 
the  difference  of  the  given  rectangles  is  given ; 
and  confequently  the  redangle  under  CK  and 
DG  is  given,  and  CX  is  given  j  therefore  GD  is 
given.     And  the  three  fides  in  the  Triangle  GCD 
being  given,   the  angle  GCD  will   be  found. 

Proposition  XXXVIII. 

T^O  find  the  Angle  of  Commutation,  wherein  fwo 

^    given  Vianet s  feen  from  the  Sun  are  diftant,  and 

the  mgk  wherein  the  Sun  and  either  of  theVknets  feen 

from 
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from  the  other  arc  difianty  when  one  of  the  given  Tla- 
nets  feen  from  the  other  appears  Stationary* 

Let  S  be  the  Sun  [  Fig.  42.}  R  K,  TT  the  Or* 
Jbits  of  the  given  Planets  ,•  and  let  CI>^  RA  hQ 
the  Arcs  defcribed  in  the  fame  time  by  the  Pla- 
nets^ while  they  are  feen  from  the  other  Statio- 
nary, which  arc  given  by  what  has  been  faid  at 
Trop.  37.    Join  5  Ry  SCy  and  SC>  ADy  which  (by 
the  preced. )  will  be  p^r^lI^L    Thro*  C  draw  the 
lines  CG  parallel  to  RA,  alfo  thro'  G  the  right  line 
GK  parallel  to  R  Sy  and  thro'  D  the  right  line  DK 
parallel  to  C  Sy  which  may  meet  in  K,  join  the 
right  line  CK,    The  Triangle  GKD  will  be  equi- 
angular to  the  Triangle  R  5  C,  (fince  each  of  the 
fides  of  that,  is  parallel  to  each  of  this,)  and  con- 
iequently  fimilar.    Bec^ufe  the  Time  of  the  Sta- 
tion of  the  Planet  is  very  fmall,  if  compared  with 
the  periodic  Time  even  of  the  fwifteft,  the  line 
C  D  does  not  fenfibly  differ  from  a  right  line,  as 
alfo  RAorCGy  much  lefs.   The  former  therefore 
does  not  differ  from  HC  a  right  line  produced 
touching  the  Orbit  P  T  in  C,  and  the  latter  pror 
duced  will  be  the  right  line  C  L  perpendicular  to 
SRy  as  ^  R  is  to  the  fame.     Moreover,  a  Circle 
made  upon  the  diameter  C  K  paffes  thro'  D  and  G, 
becaufe  the  angles  CG  X,  C  D  R  are  right  •  being 
by  conftrudion  equal  to  the  right  ones  SLC,  SCH. 
CGDK  therefore  is  a  Quadrilateral  infcribed  in 
a  Circle,  one  of  whofe  fides  C  R  is  the  diameteij 
of  the  Circle,  and  in  which  are  given  the  fide  CG 
^nd  the  diagonal  C  D  ^  as  alfo  the  ratio  between 
the  oppofite  fide  D  K  and  the  other  diagonal  GK, 
namely,  the  fame  that  there  is  between  the  Semi- 
tliameters  C  5,  RS  of  the  given  Orbits.    And 
therefore  fby  the  Lemma  premifed)  the  angle 
QCD  will  be  found,  to  which  the  vertical  ^ngle 
HCL  is  equal  ;  and  to  this  again  the  angle  RSC 
\s  equal^  wl^i^h  is  the  Angle  of  Commutation, 

whei^e^ 
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whereby  the  two  given  Planets  feen  from  the  Sun 
are  diftanc,  when  the  one  feen  from  the  other 
appears  Stationary.  Moreover,  in  the  Triangle 
jR  .S  C  the  two  fides  S  R,  S  C,  and  the  angle  RSC 
contained  by  them  being  given^  the  angles  SRC, 
SCR  will  be  found  j  the  former  of  which  is  that 
angle  whereby  the  inferior  is  diftant  from  the 
Sun,  while  it  appears  Stationary  from  the  fuperior, 
the  latter  is  the  angle  whereby  the  fuperior  is  di- 
ftant from  the  Sun,  while  it  appears  Stationary 
from  the  inferior. 

This  Method  of  defining  the  Points  of  the  Sta- 
tions fit  for  Calculation  and  more  natural,  and 
as  it  were  depending  upon  the  motion  of  theSpe- 
dator  about  the  Sun,  1  havedemonftrated:j  pafEng 
over  the  Geometrical  Conftrudion  of  this  Pro- 
blem laid  down  by  Vtokmy  in  B,i%.  of  bis  Almagefi. 
accomodated  to  the  Hypothefis  of  the  Earth's  be-^ 
ing  at  reft,  which  AfoUonius  Vergam  formerly  gave^ 
and  which  Copernicus  notwithftanding  fays,  that  it 
no  lefs  agrees  with  his  Principles  of  the  Motion  of 
the  Earth,  in  B.$»  Ch,  gj.  Revolut.  and  which  yoa 
may  fee  in  the  abovemention'd  Authors, 

If  the  plane  of  two  Orbits  be  not  the  fame,  ths 
one  may  be  reduced  to  the  other,  as  letting  fall 
from  all  the  points  of  the  Orbit,  which  is  to  be 
reduced,  perpendiculars  to  that  oth^r,  by  which 
means  the  circular  Orbit  becomes  Elliptic,  the 
the  Elliptic  is  chang'd  into  another  Ellipfe,  oe 
perhaps  into  a  Circle.  But  a  new  Orbit  is  more 
eafily  drawn  (by  Trof.  3;.)  thro'  five  Points,  two 
of  which  are  the  fame  with  two  of  the  Orbit,  to 
whofe  Plane  the  other  is  reduced,  namely,  the 
common  Sections  of  that  with  this  ^  the  three  o-- 
thers  are  found,  by  feeking  the  Curtated  Diftances 
from  the  Sun,  as  was  done  in  Frop,  :55'.  And  if 
the  other  Orbit,  or  both  after  the  reduction  be- 
come Elliptic,  the  Problem  is  conftru(3;«d  in  thenr 

after 
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after  the  like  manner,  and  the  preceding  Calcu<- 
lation  applied  to  this  cafe,  after  the  fame  manner 
a$  was  done  in  Prof,  56,  in  a  cafe  not  much  diffe- 
rent. But  to  find  the  ratio  between  RA  and  CD^ 
prop,  41.  B.I,  is  to  be  ufed  inftead  of  Trop,  27.  of 
the  fameBook^  which  was  ufed  in  the  cafe  where 
both  the  Orbits  were  circular. 


Section  V. 

Concerning  Tables  of  the  Vrimary  Flatlets y  and 
the  life  of  them. 

FOR  reafons  much  like  thofe  mention'd  in 
SeB,  9.  B,  2.  concerning  making  Tables  of 
the  Firft  Motion,  Tables  are  alfo  made  for  the 
more  expeditious  finding  the  fituation  of  the  Pla-^ 
nets,  both  in  regard  of  one  another,  and  in  re- 
fped  to  the  Fix'd  Stars  at  a  given  Time.  The  Arc 
and  Method  of  making  them  may  be  learnt  from 
what  goes  before,  but  the  Order  from  what  fol- 
lows. 

Proposition    XXXIX. 

TO   defer Ibe  the  Tables^  hj  the  help  of  'ivhtch  the 
Heliocentric  and  Geocentric  Thee  of  any  Vrimary 
Tlanet  at  a  gi^jen  Time  is  expeditiously  deterrmned. 

In  the  firft  place,  we  have  a  Table  of  the  E^a^ 
tion  ofTime^  confifting  of  two  Parts,  of  which  we 
have  treated  in  Trop,  ij.  And  becaufe  in  a  com-* 
plicated  Calculation  it  would  be  a  tedious  piece 
of  work  to  take  out  the  two  component  parts 
with  their  Signs,  add  or  fubtrad  them  as  occafioa 
requires,  they  form  one  Table  made  out  of  then| 
mixt  together,  fitted  to  the  Age  the  Calculator 
lives,in  fince  in  that  Age  the  fituation  of  the  Points 

of 
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of  the  Ecliptic,  in  regard  of  the  Earth's  Aphelion, 
is  not  fenfibly  changed. 

Tho'  this  Table  of  the  Equation  of  Time  may 
be  reckoned  among  the  general  Tables,  fince 
Time  muft  be  ufed  to  determine  the  Place  of  any 
moveable  Body,  and  that  marked  out  by  fome- 
thing  moved  equably ;  and  all  Time  is  common- 
ly (and  moll  aptly )  reckoned  by  the  Sun :  The 
motion  of  this  Body  which  is  in  its  own  nature 
unequal,  ought  to  be  reduced  to  an  equality- 
that  is,  fuch  a  Table  as  this  ought  to  be  ufed  : 
Notwithftanding,  fmce  the  Equation  of  Time 
marked  by  the  Sun  depends,  on  a  double  account^ 
upon  the  fituation  of  the  Earth  in  regard  of  the 
Sun,  this  Table  tho'  general  in  its  ufe,  and  ne- 
ceffary  in  determining  the  motion  of  the  Fix'd 
Stars  from  the  preced.  Book,  as  of  the  Secondary 
Planets  from  the  following,  ought  to  be  reckoned 
from  its  own  nature,  among  the  Tables  of  the 
Primary  Planets. 

The  Tables  are  to  be  made  feparately  for  each 
of  the  fix  Primaries,  namely  Saturn,  Jupiter,  Mars, 
the  Earth,  Venus  and  Mercury.  Tho'  this,  or 
the  inverfe  of  this,  be  the  true  order  of  the  Pla- 
nets, and  the  Tables  of  them  Ceach  feparately^ 
ought  to  be  difpofed  after  this  order  naturally  ^ 
yet  with  us,  who  are  the  Inhabitants  of  the  Earthy 
'tis  neceffary  that  the  Tables  of  the  Earth  have 
the  firfl:  place,  both  becaufe  by  the  help  of  thefe, 
the  motion  of  the  Earth  is  found,  on  which  the 
apparent  motion  of  the  Sun  ( which  leads  all  thQ 
other  Planets)  depends,*  which  is  neceffary  in 
the  firft  place  to  determine  the  motion  of  any  of 
the  reft,  by  reafon  of  the  Equation  of  Time  de- 
pending upon  it. 

In  the  Tables  of  each  of  the  Planets  firft  of  al! 
the  Radix  of  ihe  Mocion  of  ihe  faid  Planet  is  to 
befettleuj  that  is,  at  any  celebrated  point  of 

mean 
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mean  Time  pitched  upon  according  to  the  rec- 
koning of  the  place,  for  which  the  Tables  are 
made,  you  have  marked  by  the  help  of  the  pre- 
ceding Propofitions,  the  Heliocentric  Longitude 
of  the  faid  Planet^,  of  the  Aphelion  and  afcend- 
ing  Node  of  the  fame  ^  the  firft  whereof,  namely 
the  Diftanee  of  the  Plailet  from  the  Equinoaialj 
confifts  of  two  heterogeneous  parts  ^  namely  the 
diftanee  of  the  Aphelion  of  the  Planet  from  the 
Equinox,  expreffed  by  the  angle,  and  the  diftanee 
of  the  Planet  from  the  Aphelion,  exprefled  by  the 
area  of  its  Orbit. 

in  the  fecond  place,  the  Mean  Motions  from 
the  Equinox  of  the  Planet  it  felf^  of  the  Aphelion 
and  Node,  for  fingle  Years,  Tens,  Hundreds,  &c. 
alfo  for  Months,  Days,  Hours,  and  parts  of  Hours^ 
are  difpofed  into  Tables* 

In  the  third  place,  a  Table  is  fubjoined^,  exhi- 
biting the  true  Anomaly  of  the  Planet  to  the  feve- 
rai  degrees  of  the  mean  Anomaly  of  the  fame. 
This  Table  may  be  made  either  by  Frop,  ;.  or  by 
Approximation  by  the  4^^,  6^^^,  or  7^^  Propofiti- 
ons,  according  to  the  nature  of  the  Approxima-* 
^ion  which  a  Perfon  has  a  mind  to  ufe. 

In'the  fourth  place,  you  have  a  Table  exhibiting 
the  Diftanee  of  the  Planet  from  the  Sun,  (found 
by  the  fame  Propofitions,  together  with  Prop.  22.} 
in  parts,  whereof  the  mean  Diftanee  from  thd 
Earth  contains  1 00000,  for  the  feveral  degrees  of 
the  mean  Anomaly.  Thefe  two  Tables  are  ad-v 
vantageoufly  reduced  inro  one,  by  fetting  next  tg 
each  degree  of  the  mean  Anomaly,  the  agreea- 
ble true  Anomaly  and  correfponding  Diftanee. 
To  thefe  Diftances,  for  eafe  of  Calculation,  are 
annex'd  the  correfponding  Logarithms  ,•  or  even 
the  Logarithms  of  the  Diftances  alone  are  difpofed! 
into  Tables,  fince  jh©y  are  fufficient  for  Calcu* 
lation* 

Ll 


Book  III.     of  A  ST  R  o  N  0  M  IrJ      46^ 

In  the  fifth  place,  is  put  a  Table  of  the  Centric 
Latitude,  or  Inclination  of  a  Planet  to  the  Plan© 
of  the  Ecliptic  for  the  feveral  degrees  of  the  Di- 
ftance  from  the  neareft  Node,  which  Diftance 
from  the  Node  is  commonly  called  by  Aftrono- 
mers.  The  Argument  of  the  Latitude. 

In  the  fixth  place,  you  have  a  Table  of  Redti-^ 
Blon^  whereby  the  Place  of  a  Planet  in  its  proper 
Orbit  is  reduced  to  a  Place  in  the  Eciiptic,  ihew- 
ing  how  much  more  or  lefs  forward  it  is  in  the 
latter  than  in  the  former. 

In  the  feventh  place,  you  have  a  Table  (hewing 
iiow  much  the  interval  of  a  Planet  from  the  Sun 
in  its  proper  Orbit  is  to  be  curtated,  to  reduce  it 
to  the  plane  of  the  Ecliptic,  by  letting  fall  from 
the  Planet  a  perpendicular  upon  ir.  And  fiticd 
thefe  three  (namely  the  Inclination,  Reducaion 
and  Curtation)  are  fitted  to  the  feveral  degrees  of 
the  Argument  of  Latitude,  the  three  preceding 
Tables  will  commodioully  come  into  one;  as  was 
faid  before  concerning  the  third  and  fourth  Ta-« 
bles.  Thefe  three  things  are  found  by  common 
Trigonometry,  having  the  Inclination  of  the  Or-^ 
tit  of  the  Planet  to  the  plane  of  the  Ecliptic^ 
which  is  done  by  Prop.  20. 

In  the  eighth  place,  is .  advantageoufly  placed 
the  Angle  of  Commutation  ffound  by  Vrof.  i^S.) 
making  in  that  Planet  an  apparent  Station  from 
the  Earth.  Andbecaufe  neither  the  Orbit  of  tha 
Planet  nor  of  the  Earth  is  circular,  neither  can 
the  fame  Angle  of  Commutation  ferve  in  every 
cafe,  nor  the  fame  in  the  two  next  Stations  ,*  the 
Angles  of  Commutation  producing  both  the  firfl 
and  fecond  Station  of  the  Planet,  are  difpofed 
into  a  Table,  for  four  or  eight  of  the  principal 
Anomalies. 

In  every  one  of  the  Inferiors  may  commodi^ 
©ufly  be  a^deda  Table,  (made  by  Vrop.  36,)  coa- 

H  h  kxing 
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Icxing  with  the  former,  of  the  Angles  of  Com- 
mutation  in  the  greateft  Elongation  of  the  Pla- 
net from  the  Sun,  as  well  towards  the  Eaft  as 
towards  the  Weft,  fitted  to  the  fame  Anomalies, 
Tothefe^theDepreflSofioftheSun  below  theHori- 
zon  in  the  Moments  of  Heliacal  RiOng  or  Set- 
ting is  alfo  added.  And  thefe  are  the  common 
Tables  ufually  made  by  Aftronomers  for  the 
ready  finding  out  the  Places  of  the  Planets. 

Proposition  XL. 

TO  calculate  the  Heliocentric  and  Geocentric  Tlact 
of  anjVlanety  in  regard  of  Longitude  and  La^ 
iitude  at  any  time  fropofed,  by  the  help  of  the  above  dc 
fcrlbed  Tables^  find  to  define  its  VfJJions, 

Firft  of  all,  let  the  Time  propofed  be  equated^ 
as  was  fliewn  in  Vrop,  17  ^  let  the  Place  of  the 
Earth  feen  from  the  Sun,  and  its  Diftance  from 
the  Sun  be  found  for  that  mean  Time,  as  in  the 
1 8th  And  fmce  by  the  help  of  the  firft  Tabic 
at  the  affum'd  Epocha  there  are  given  the  diftan- 
ees  of  the  Planet  propofed,  and  of  its  Aphelion 
and  afcending  Node  from  the  Equinox  ;  and  by 
the  fecond,  their  Mean  Morions  made  between 
the  faid  Epocha  and  the  Time  propofed,  being 
equated,  as  was  faid  ;  the  m^an  Diftance  of  the 
Planet  from  the  Equinox,  and  the  Diftances  of 
the  Aphelion  and  the  Nodes  from  the  fame  will 
be  given.  The  diflference  of  the  two  former  i^ 
the  Planets  mean  Anomaly*  to  which^  the  corre- 
fpondent  true  one  or  angular  Heliocentric  Di- 
fiance  from  its  Aphelion  may  be  taken,  out  of  the 
third  Table  ,-  and  out  of  the  fourth,  the  Diftance 
of  the  fame  from  the  Sun.  The  Diftance  of  a 
Planet  from  the  Node,  or  the  Argument  of  La- 
dtudevvill  likewifebe  given;  to  which,  the  corre- 
fponding  Inclination^,  or  Centric  Latitude  may  be 
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taken,  out  of  the  fifth  Table;  and  otit  of  th^ 
fixth,  the  Redudion,  whereby  ic  is  reduced  to  the^ 
Ecliptic;  and  out  of  the  fevehth,  the  Curtation^j 
which  being  fubtraded  from  the  Diftance  of  th6 
Planet  from  the  Sun  in  its  own  Orbit,  firft  taken 
out  of  the  fourth  Table,  leaves  the  Curtate  Di- 
ftance of  the  Planet  from  the  Sun. 

After  this  manner  may  be  had  the  following 
things  in  the  Diagram  of  Prop,  ^y  ;  ^uiz.  the  right 
line  ST  iFig.  45  Jin  magnitude,  namely  the  Di- 
ftance of  the  Earth  from  the  Sun ;  the  fame  in 
pofition,  namely  the  Heliocentric  Place  of  the 
Earth;  the  right  line  SE  in  magnitude,  ^vit.  th^ 
Curtate  Diftance  of  the  Planet  from  the  Sun;  AnA 
the  fame  in  pofition,  namely  the  Place  of  th^ 
Planet  reduced  to  the  EclipticJ :  And  confequently 
the  angle  TSE  is  given,  contained  between  righf 
lines  given  by  pofition,  which  is  alfo  the  angle  o£ 
Commutation;  therefore  the  angle  STE  the  E« 
longation  of  the  Planet  from  the  Sun  feen  froni 
the  Earth  will  be  found.  But  the  Place  of  th^ 
Sun  feen  from  the  Earth  is  given  ;  and  therefore 
the  Geocentric  place  of  the  Planet  in  the  Eclip- 
tic, and  TE  the  Diftance  of  the  Planet  from  th^ 
Earth  are  given. 

Again,  becaufe  L  E  is  perpendicular  to  th^ 
plane  of  the  Ecliptic  TSNE^  the  Triangle^ 
5 EL,  TEL  are  rightangled  at  E;  and  therefore 
the  Tangents  of  the  angles  ET Ly  ES L  are  in 
the  fame  ratio  with  E  S,  ET:  But  E  S L  Is  th^ 
Heliocentric  Latitude  of  the  Planet  firft  taken 
out  of  its  proper  Table,  and  the  ratio  of  ES  to 
ET  is  given;  for  the  right  lines  themfelves  are 
given,  (but  the  ratio  of  thefe  is  the  fame  with  the 
ratio  of  the  Sines  of  the  oppofite  angles  STE  of 
Elongation,  and  TS  E  of  Commutation;)  where- 
fore ETL  the  Geocentric  Latitude  of  the  Planes- 
is  knovvHtf 

H  h  J  More^ 
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Moreover^  by  the  angle  of  Commutation  and 
Anomaly  of   the  Planec  found  above,    in  the 
eighth  Table  it  may  be  found  wnether  the  faid 
Planet  be  in  the  firH:   or  fecond  Station.     But  if 
the  angle  of  Commuca  ion  be  iefs  than  that  which 
in  this  Planet  makes  the  Station,  the  Planet  will 
be  Retrograde;  if  greater  Direct ;  as  ws<  fh^wn  , 
above.    And  after  the  fame  mannwr,  by  t-ie  fume 
Table  it  may  be  found  wh  :iier  Venus  or  vlercu- 
ry  be  in  their  greateft  ElOi^^adon  from  the  Sun. 
And  by  the  Place  of  the  Manet  found  above, 
and  the  known  Depreffion  of  the  Sun  requifire 
to  it,  annexed  to  this  Table,  it  may  be  determi- 
ned {hy  Prop.  ;8.  B.  2.)  whether  the  Planet  is  riimg 
or  fetting  Heliacally,  or  lies  hid  under  the  rays 
of  the  Sun.     And  laftly,  by  the  fame  method, 
v/ith  that  whereby  the  Phafo  of  the  Moon  is  deli- 
neated, Frop,  17.  B.iy  the    Phafes  of  Mars_>  Ve- 
nus or  Mercury,  at  a  given  time  may  be  deline- 
ated.   But  Jupiter  and  5aturn  always  appear  full ; 
as  was  faid  in  Prop,  9.  B.  i. 

In  this  Propofition  we  do  not  attend  to  the  va- 
riety of  all  cafes,  1//^  whether  this  Arc  be  to  be 
fubtra^led  from  that,  or  vice  ^uerfa  that  from  this ; 
nor  to  the  different  cafes  of  Inclination  and  La- 
titude Northern  and  Sourhern,  Elongation  Eafl:- 
ern  and  Weftern,  and  the  like  of  the  reft  ;  nor 
how  outof  tv/o  numbers,  the  intermediate  Tabu- 
lar number  fought  is  to  be  found  by  proportion : 
tor  we  do  not  here  give  rules  of  calculation  to 
be  obferved  by  a  Calculator  literally,  but  the 
Geometrical  principles  of  a  Calculation. 

SCHOLIUM. 

Tho*  the  Tabits  .move  deferibed  are  natural 
and  commonly  m-^de  uL  of.  yei;  to  find  the  Pla- 
ces of  thePlaners  rAO  c  readily,  TabK  s  are  made 
after  this  or  the  iiKe  mi^nner  advantageoufly  e- 
jQOUgh,  by  fuch  as  look  upon  the  ApheliR  and 
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Nodes  of  the  Orbits  of  the  Planets  to  be  at  reft; 
as  Street  of  all  the  Planets,  Flamfiead  at  lead  of  the 
Apfides  of  the  Earth. 

For  every  Planet's  Radixes  are  to  be  fettled, 
not  of  the  Longitude  of  a  Planet,  and  of  it:s  Aphe- 
lion and  Node,  as  before,  but  of  the  mean  Ano- 
maly of  the  Planet :  And  the  Motion  of  the  Ano- 
maly for  Years  andfums  of  Years,  Months,  Days, 
(or  rather  for  the  particular  days  of  the  feveral 
Months  current,)  Hours,  &c. 

To  chefe  are  added  the  following  things,  which 
always  cor cinae  the  fame,  determining  the  fitua- 
tion  of  the  Oibic  of  he  Planet,  and  exhibiting 
the  intire  Theory  exprefTed  by  numbers ;  namely 
I.  The  Diftance  computed  in  the  Ecliptic  of  the 
Aphelion  from  fome  one  of  :he  Fix'd  Stars  (^for 
inftance,  the  firft  of  Aries,  or  the  difference  of 
Longitude  of  the  faid  Fix'd  Star  and  Aphelion  of 
the  Planet,  which  is  called  the  Longitude  of  the  A- 
fhelionfrom  a  Fix  d  Star,  2.  The  Longitude  of  the 
afcending  Node  of  a  Planet  from  the  fame  Fix'd 
Star.  3. The  Inclination  of  the  Orbit  of  a  Planet  to 
the  plane  of  the  Ecliptic.  4.  The  Magnitudes  of 
the  greater  A.xe  of  the  Orbit  of  a  Planet  and  of  its 
Excenticity,  expreffed  in  parts,  whereof  the  mean 
diftancefrom  the  Earth  contains  1 00000.  For  from 
thefe,  by  the  refpedive  Propofitions,theLongitude 
of  th^  Planet  from  the  firft  Star  of  Aries,  the  Incli- 
nation or  Heliocentric  Latitude  Northern  or  Sou- 
thern, and  the  Curtate  diftance  of  a  Planet  from 
the  Sun  are  found,  for  any  mean  Anomaly  of  the 
Planet.  Out  of  thefe  artificially  annexed  to  the 
mean  Anomaly,  to  which  they  belong,  are  made 
Tables ;  though  inftead  of  the  Curtate  Diftance 
itfelf,  the  Logarithm  alone  will  fuffice  for  Calcu- 
lation. For  fmce  (by  Frof.  45.  B.  i.)  the  mutual 
(ituation  of  a  Fix  d  Star  and  the  Orbits  of  the  Pla- 
nets remains  the  fame,  or  the  Lines  of  the  Nodes 
H  h  9  and 


4^0       Tl?^  Elements     Book  III. 

find  Apfides  arp  at  reft.  Cat  leaft  they  are  taken  to 
te  {o  by  thofe  Authors,)  to  the  fame  point  of  the 
fame  Orbit,  that  is,  to  the  fame  mean  Anomaly^ 
thefe  thf  ee  continue  the  fame  and  unvaried  in  the 
fame  Planet.  Thefe  being  taken  out  of  the  Ta- 
bles, the  reft  is  done,  as  above  in  the  Propofition. 
Bat  the  Longitude  of  the  firft  Star  of  Aries  at  ^ 
given  Time  is  found  by  the  Tables  of  the  Fix  d 
Stars,  of  which  kcTrop,  68.  B.  z.  What  remains 
about  the  Paffions  of  the  Planets  is  to  be  done  af- 
ter the  fame  manner  as  above. 

Such  Tables  as  are  more  ready  for  ufe  than 
thofe  mention'd  above,  are  called  Efhemerides  of 
the  Celefiid  Motions,  being  calculated,  from  the 
perpetual  Tables  defcribed  above,  for  a  certain 
number  of  Years,  and  they  fliew  the  Places  of  the 
feveral  Planets  as  to  Longitude  and  Latitude^ 
their  Paffions,  and  mutual  Afpecfts,  as  well  when 
they  are  viewed  from  the  center  of  the  Sun,  as 
from  the  center  of  the  Earth,  for  every  day  ;  to 
which  alfo  are  added  the  Places  of  the  Moon  com- 
puted for  every  day,  its  Phafes,  the  Eclipfes  of 
the  Sun  and  Mopn,  and  other  things  found  in 
the  following  Book. 

Proposition  XLL 

IN'  the  Trimary  Planets  compared  together^  the 
Squares  of  the  Periodic  Times  are  as  the  Cubes  of 
the  greater  Axes  of  the  Ellipic  Orbits,  which  they  de- 
fcribe  about  the  Sun. 

Let  5  [-%.  44.]  reprefem  the  Sun  j  MFTN 
the  Orbit  of  the  Earth,  whofe  Apfides  are  M  and 
JV,  ^  E  P  5  the  Orbit  of  any  other  Planet,  whofe 
Apfides  are  A  and  P,  which  are  fuppofed  to  be  fo 
delineated  in  the  Scheme,  as  that  the  Inclination 
of  the  lines  MN^  A?  may  be  the  fame  with  that 
found  by  what  has  been  faid  about  the  Lines  of 
the  Apfides  of  the  foid  Plarjets  in  the  Heavens  3- 
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and  the  ratio  of  the  Cubes  of  them,  the  fame  wkli 
thatof  the  Squares  of  the  Periodic  Times  of  the 
fame  Planets.    I  fay,  that  the  Orbit  of  the  Earth 
remaining,  ano  her  Planet  can't  move  in  any 
other    Orbit    befidcs    that    juft  now    defcribed 
AEPB.     For  if  it  can,  let  the  different  Orbit 
of  the  fiid  Planet  be  «t«T/2;  that  is,  greater  or 
lefs  than  the  Orbit  AEPB.    Let  F denote  the 
point  in  the  Orbit  of  the  Earth,  whtrein  the 
Earth  is  when  it  is  in  conjundion  with  any  o- 
ther  Planet  Heliocentrially.  The  line  S  F  drawn 
Cand  if  need  be,  produced)  will  fhew  in  the  Orbic 
AE  P  B^  the  point  5,  Vv/herein  che  other  Planet 
would  then  be  found  if  ic  moved  in  this  Orbit ; 
and  in  the  Orbit  as^,^,  which  it   is  fuppofed  to 
defcribe,  the  point  0y  in  which  it  is  really  found. 
The  Earth  removing  from  F  and  the  other  Pla- 
net from  /3,  after  a  certain  time,  let  the  former 
be  found  in  T,  the  latcer  in  g :  5"  s  joined  will 
meet  the  Orbit  ^  E  P  JB  in  the  point  i,  in  which 
the  Planet  would  have  been  found,  if  it  had  dc^ 
fcribed  the  Orbit  AE?  By  fince  the  Periodic 
Time  is  fufficiently  known  and  certain.  The  right 
lines  ETy  it  being  drawn,  the  angle  S  T&  will 
be  the  Elongation  of  the  Planet  from  the  Sun  at 
the  faid  time  :  But  this  Elongation  is  not  agreed- 
able  to  obfervation,  for  'tis  the  Elongation  S  TE 
(drawn  from  the  fuppofition^  that  the  Planet  de- 
fcribes  the  Orbit  A  E  F  B)  that  does.  And  there- 
fore fuppofing  MFT N  to  be  the  Orbit  of  th^ 
Earth,  that  other  Planet  does  not  defcribe  the 
Orbit  rtSTjS  different  from  the  Orbit  AEPB. 
But  the  Cubes  of  the  greater  Axes  of  the  Orbits 
AE?  By  MFTN  are  as  the  Squares  of  the  Peri- 
odic Times  of  the  Planets  moved  in  thofe  Orbits^ 
And  the  fame  is  collected  of  the  other  Planets 
compared  with  the  Earth,  for  the  like  reafons : 
And  therefore  €x  ^qnoy  in  any  t\yo  Primaiy  Pla- 
H  h  4  nets 
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nets  compared  together,  the  Squares  of  the  Peri-. 
odic  Times  are  as  the  Cubes  of  the  greater  Axes 
of  the  Orbits,  wherein  they  are  carried. 

And  generally  the  agreement  of  the  Places  by 
calculation  with  thofe  obferved,  argues  the  true 
Situation  and  true  Species  of  the  Orbit  of  any 
Planet,  as  well  as  the  true  Magnitude.  For  the 
Situations  of  the  Earth  and  the  other  Planets  are 
fo  varioufly  intermingled,  that  any  notable  errors 
committed  in  the  fettling  the  Orbit  and  Theory 
of  any  Planet  would  fometimes  manifeftly  difco- 
ver  themfelves,  aiad  become  very  fenfible :  But 
on  the  contrary,  the  Places  of  the  Planets  drawn 
from  Tables  depending  upon  the  faid  Theories, 
ftrangely  agree  with  their  Places  by  obfervation. 
The  very  fmall  difference  from  obfervation  in  the 
mean  while  is  owing  to  other  caufes  ,•  namely 
the  adion  of  the  Planets  upon  one  another,  the 
efFeds  whereof  in  difturbing  the  motions  of  the 
Planets  are  afterwards  to  be  confidered,  and  their 
Orbits  redified  from  thence. 

Proposition  XLIl 

THE  Geocentric  Tlace  of  a  Thnet  at  a  given  Time 
being  given ^  to  find  by  the  Tables  the  Place  of 
the  fame  fieen  from  a  given  Place  or  Habitation  upon 
the  fur  face  of  the  Earth  as  that  time. 

If  the  Habitation  given  be  not  in  the  fameTer- 
reftrial  Meridian  with  the  Place  to  which  the 
Tables  are  fitted,  let  the  given  Time  be  reduced 
to  the  reckoning  of  the  Place  of  theTables,  by  the 
Tables  defcribed  ^'^(^.9.5.2.  To  that  Time  find  (by 
Prop, '^6.  B.2.)its  Altitude,  fcen  from  the  center  of 
the  Earth,  above  the  horizon  of  the  Habitation 
given,  and  the  Azimuth.  Let  the  Parallax  of  the 
Sun,  that  correfponds  with  the -Altitude  thus 
found,  be  taken  out  of  the  Table  made  by  Prop, 
An.  JB.  2:  from  the  Parallax  of  one  Diftance  arid 

of 


Book  III.      vf  A  s  T  R  o  N  o  M  y;     4  7  3 

of  one  Altitude,  or  known  by  fome  Prop,  of  the 
2^  Book,  or  by  one  of  the  following  :  And  (  by- 
Prop.  48.  B.  2.  the  Parallax  of  the  Planet  in  the 
fame  Altitude  above  the  Horizon,  will  be  to  the 
Parallax  of  the  Sun  taken  above,  as  the  Diftance 
of  the  Sun  from  the  Earth,  to  the  Diftance  of  rhei 
Planet  from  the  fame  :  But  thefe  Diftances  in  the 
Place  of  the  Planet  to  be  computed  by  the  preced. 
were  known  ;  wherefore  the  Parallax  of  the  Pla- 
net correfponding  to  that  Altitude  is  found.  This 
therefore  is  to  be  fubtraded  from  the  Geocen- 
tric Altitude  found  above,  that  it  may  become 
the  Altitude  once  correded  in  the  given  Habita- 
tion. To  the  Altitude  thus  correded  add  the  cor- 
refponding Refradion,  from  the  Table  of  Refra- 
d:ion  made  by  Prop.  66.  B.  2.  of  the  ufe  of  which 
we  have  fpoken  in  Prop.  68.  of  the  fame  ,•  and 
you  will  have  the  apparent  Altitude  of  the  Planet 
in  the  given  Habitation,  the  Azimuth  firft  found 
remaining  unchanged.  From  this  apparent  Alti- 
tude and  Azimuth,  you  may  find  by  Trop.  26,  and 
27.  B.  2.  the  Planet^s  place,  which  will  be  the 
apparent  one  in  the  given  Habitation.  The 
Time  propofed  reckoned  in  the  Meridian  to 
which  the  Tables  are  fitted,  and  afterwards  re- 
duced to  the  Meridian  of  the  given  Habitation, 
fince  it  is  a  mean,  (fuch  as  it  ought  to  be  when 
Tables  are  ufed)  'tis  reduced  to  apparent  Time, 
by  Prop.  17.  Therefore  the  apparent  Place  of  the 
Planet,  at  the  given  Time  now  made  the  appar- 
;^nt,  is  found. 


S  E  C  T I^ 
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Section  VL 

Of  the  Magnitude  of  the  Orbits  ofthe^lanets^ 

IN  what  precedes,  we  have  ponfidered  the  Pla- 
nets themfelves,  as  fo  many  points  moving  in 
their  Orbits  ^  that  is,  we  have  abftraded  from 
th^ir  Magnitude.  And  in  this  cafe  it  is  the  fame, 
as  to  the  Phaenomena,  what  Magnitude  the  Or- 
bit of  any  of  them  is  fuppofed  to  be  of,  provided 
all  the  reft  have  that  ratio  and  pofition  to  this,  as 
they  have  in  nature.  Therefore  we  have  every- 
where fuppofed  the  common  meafure  of  all  the 
Orbits  and  their  parts  to  be  the  greater  Axe  of 
the  Oibit,  that  the  Earth  (the  Habitation  of  the 
Spedator)  defcribes  about  the  Sun,  or  half  of  it, 
the  mean  Diftance  of  the  Earth  from  the  Sun, 
without  being  concerned  about  the  Magnitude  of 
Ithis  apparent  Dil^ance.  But  now  when  the  Mag- 
nitude of  the  other  Planets  comes  to  be  compared 
with  the  Magnitude  of  the  Earth,  the  aforefaid 
Pittances  muft  be  compared  with  the  Diameter 
pf  the  Earth  ^  which  may  be  done  by  the  help  of 
jhe  Parallax  being  known,  as  wasfliewn  in  Bookie 
^nd  cho'  the  Parallax  of  the  Planet  might  be 
found  by  one  of  the  methods  of  finding  the  Pa- 
rallax delivered  in  Book  2,  if  you  could  obferve  it 
as  accurately  as  you  pleafe ;  yet  notwithftanding^ 
becaufe  there  are  feveral  things  that  are  too  ob- 
vious which  are  an  hindrance  to  it,  I  fliall  pro- 
pole  two  methods  by  which  this  obfervation,  fo 
flippery  as  it  is,  may  be  made  without  any  dan- 
ger of  a  notable  error.  In  the  firft  it  fhall  be 
done  by  two  obfervations  made  together  in  twp 
Places  of  the  Earth  ^  in  the  fecond,  by  two  made 
in  the  fame  Place.  P^Pt 
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Proposition  XLIII. 

BY  the  ConJHnBion  of  two  Planets  y  ohferved  in  two 
gi'&en  places  of  the  Earthy  to  find  the  Faraliax  of 
hth. 

Let  the  true  Places  of  the  two  Planets  obferved 
in  Corporal  Conjudion  (that  is,  where  the  on© 
feems  to  touch  or  cover  the  other)  be  Land  E, 
Imagine  the  Circle  J  B  \_Fig,  45.]  to  be  drawn 
thro'  the  vertices  A  and  B  of  the  Places  on  the 
Earth.    Draw  the  vertical  Circles  JEM,  ALO^ 
BEFy  BLN.    Let  the  Planets  be  obferved  from 
one  of  the  given   Places  (^namely  that  whofe 
vertex  is  ^^  )  in  O  and  M*    And  fince  the  Places 
are  given  where  the  obfervations  are  made,  ("by 
Trop,  ^2,  B  2.  )  the  difference  of  the  Meridians 
will  be  given  j  and  fo  the  names  of  the  Hours, 
whereby  any  the  fame  inftant  of  time  is  expreC* 
fed  in  the  faid  two  Places:  And  therefore  the 
fame  moment  of  Time  may  be  pitched  upon  to 
make  the  obfervation  in  the  given  Places.  There- 
fore at  the  fame  inftant  that  the  Planets  in  D  and 
M  are  obferved  from  the  Place  whofe  vertex  is 
Ai  let  them  be  obferved  from  the  Place  whofa 
whofe  vertex  is  B,  for  inftance,  in  iVand  P;  Draw 
the  great  Circles  LE^  O  My  NT.    Obferve  al- 
fa  (either  by  a  Micrometer,  or  what  is  inftead  of 
\t)  Threads  ftretghed  various  ways  in  the  Focus 
of  the  Telefcope,  or  by  the  help  of  an  Icofcope 
throwing  the  Image  upon  a  Plane,  or  by  any  o^ 
ther  method  to  be  left  to  the  induftry  of  the  Ar- 
iift  )  the  magnitudes  of   the  Arcs  NP,  O  M, 
(which  in  a  corporal  Conjundion,  by  reafon  of 
their  fmallnefs,  will  be  right  linesy^  and  of  the  An- 
gles TNBy  NPBy  AO  My  and  A  MO.    Now, 
by  the  Theory  of  thefe  Planets,  there  is  given  the 
ratio  of  their  Diftances  from  the  Center  of  the 
Ejrth^  from  whence,  and  their  Altitudes  {"obfer- 

^:  '  ved 
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ved  exactly  enough  for  this  purpofe)  there  are  aifo 
given  (by  Trof,  49.  B.  2.)  the  ratios  between  the 
Sines  of  the  Arcs  LN^  EPy  LO,  E  M,  and  con- 
fequently  (  by  2.  Dat,)  one  being  given  all  are 
known.  From  the  point  P  let  the  Arc  P  R  be 
let  fall  perpendicular  upon  the  Azimu  h  BN 
produced  :  And  in  the  righrangled  fpherical 
Triangle  P  NR,  the  fide  P  'N  and  angle  F  NR 
being  given,  you  may  find  the  fides  ISl  Ry  RP, 
^nd  the  angle  RP  N^y  therefore  the  angle  RP  E 
is  known.  Suppofe  (  after  the  manner  of  Ana-r 
lyfts)  the  Sine  of  the  Parallax  L  N  in  the  com- 
putation to  be  the  Root :  And  by  the  given 
Sines  of  the  Arcs  L  Ny  NR^  you  may  find  (  by 
what  Ptelemy  delivers  in  Cap  9.  JS.  i.  of  the  aU 
magefi)  the  Sine  of  the  Arc  LR,  their  fum.  Then, 
in  the  fpherical  Triangle  LP  R  righcangled  at 
Ry  by  the  given  Sines  of  the  fides  L  R,  R  P,  you 
may  find  the  Sines  of  the  fide  L  P  and  Angle 
LPR»  Therefore,  by  the  given  Sines  of  the  angles 
LPRy  and  EP  R  (by  what  is  demonftrated  by 
Ttokmy  in  the  place  quoted  above)  you  may  find 
the  Sine  of  their  difference  ;  namely  of  the  an- 
gle LPE,  From  the  point  L  let  fall  the  Arc  LT 
perpendicular  to  the  Azimuth  B  P.  Therefore  in 
the  fpherical  Triangle  P  LT  rightangled  at  7^ 
by  the  given  Sines  of  the  fide  L  P  and  angle  LPTy 
you  may  find  the  Sines  of  the  fides  L  Ty  TP  ; 
Therefore  the  Sine  of  the  arc  E  Ty  namely  the 
difference  of  the  Arcs  E  P,  TP  is  given.  And 
laftly,  in  the  fpherical  Triangle  E  TL  rightan- 
gled at  Ty  by  the  given  Sines  of  the  fides  LTy  ET, 
you  may  find  the  Sine  of  the  fide  £ L  Juftafterthe 
Jame  manner  you  may  find  the  Sine  of  the  fide  EL, 
from  the  Sines  of  the  Arcs  LOy  EMgiven^expret 
fed  by  the  before  fuppofed  Root.  Therefore  you 
have  given  an  Equation  between  the  Sine  of  the 
Arc  E  L  found  firft^  and,  thq  fame  Sine  foundl 

fecondly^ 
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fecondly,  the  refolucion  whereof  will  give  the 
value  of  the  Root,  or  fine  of  the  Arc  L  N ;  from 
whence  all  the  reft  that  is  fought  will  become 
known.  But  if  fuch  Places  upon  the  Earth  be 
chofen,  as  have  thePianets  paffing  the  common 
Azimuth  of  the  Places,  and  that  inftant  of  Time 
wherein  one  of  vhem  is  in  the  faid  common  Azi- 
muth ;  chis  conftrudion  will  become  that  parti- 
cular one  in  Frop»  87.  Op,  From^i  James  Gregory* 

Lemma, 

THE  difference  of  two  ^antitks  and  the  rath 
between  them  being  given^  to  find  the  ^antl" 
ties  themfelves^ 

Let  a  quantity  be  taken,  that  is  to  the  known 
difference,  as  the  the  greater  term  of  the  given 
ratio,  is  to  the  difference  of~the  terms ;  this  quan^ 
tity  will  be  the  greater  of  the  quantities  fought : 
For  in  four  proportional  quantities,  the  produds 
of  the  two  former  are  in  the  fame  ratio  with  the 
fimilar  produds  of  the  two  latter.If  the  greater  be 
lefTen'd  by  the  given  difference,  what  remains 
v/ill  be  the  lefs. 

Proposition  XLIV. 

BT  two  Ohfervations  of  the  fame  Corporal  Covjun^ 
Sition  of  two  Planets y  made  in  the  fame  Vlace^  t0 
determine  the  VaraUax  of  both  TlanetSi 

Let  the  apparent  motion  of  the  two  Planets 
reduced  to  the  Ecliptic,  made  mutually  by  one 
another  (or  to  one  another)  in  a  given  time,  be 
obferved  near  the  Corporal  Conjundion :  And 
by  the  Theory  of  both  Planets,  known  by  the 
preceding,  let  their  motion  from  one  another 
mutually  be  determined,  computed  in  the  Eclip- 
tic, viewed  from  che  Center  of  the  Earth,  made 
in  the  fame  time;  which  may  be  done  accurarely 
enough,  if  the  time  be  not  too  gr^at.   From  theie 

arcs 
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arcs  therefore  given,  namely,  the  true  and  ap« 
parent  motion  of  the  Planets  from  one  another^ 
made  in  the  lame  time,  the  Parallax  of  both  is  to 
be  determined. 

Let  HO  [K^»46.]  reprefent  the  Horizon;  Z 
the  Zenith,  and  EC  the  Ecliptic:  And  let  SFhQ 
the  arc  of  the  Ecliptic,  wherein  the  Planets 
(viewed  from  the  Center  of  the  Earth)  move  mu-^ 
tually  from  one^nother  in  a  given  time,  known 
from  the  Theory  ;  and  A  B  the  arc  of  the  Eclip- 
tic, whereby  they  feem  to  move  from  one  ano- 
ther in  the  fame  time,  known  by  Obfervation  j 
therefore  their  diiFerence  is  given.  Thro'  A  and 
B  imagine  Circles  of  Latitude  A  D,  B  F  drawn^ 
meeting  the  Verticals  ZH,  ZO^  drawn  thro' 5 
and  r,  in  D  and  F^  and  SAis  the  Parallax  of  the 
Longitude  of  the  nearer  Planet  from  the  more  re- 
mote, or  the  excefs  of  the  greater  Parallax  of 
Longitude  above  the  lefs  in  this  fituation;  and 
VB  the  excefs  of  the  greater  Parallax  above  the 
lefs  in  the  other.  The  ratio  of  the  arc  AS  to 
the  arc  BVis  compounded  of  the  ratios  of  A  S  to 
SD,  SD  to  VF,  and  FFto  BF;  but  the  ratio  of 
^5  to  SD  is  known,  becaufe  in  the  rediiineal 
Triangle  ^SD,  rightangled  at  ^,  the  Triangle 
ASD  \s  given,  found  by  Trof,  36.  B.  2;  the 
fatio  of  5D  to  VF  is  found,  by  Frop,  47.  B.  2; 
and  the  ratio  of  KF  to  BF  is  found  as  before,  id 
the  ratio  of  ^5  to  SD;  wherefore  the  ratio  of  ^5 
to  5  r  compounded  of  them  is  known  :  But  the 
difference  of  the  arcs  AS  and  BF  is  alfo  known, 
namely  the  fame  with  the  given  difference  of 
the  arcs  AB  and  SF;  and  therefore  f by  Letti. 
preced.)  the  arcs  themfelves  AS  and  BV  will  be 
given.  And  therefore  (  by  Dat.  2.)5Dand  FF 
will  be  given  ;  that  is,  the  excefs  of  the  greater 
Parallax  above  the  lefs  in  a  given  Altitude  :  For 
the  Altitude  HZ)  or  OF  may  be  obferved  exadi 

enough 
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enough  for  that  purpofe.  And  from  thence  the 
exceis  of  the  greater  Horizontal  Parallax  above 
the  iefs  (  by  Frop.  47.  and  63.  B.  2.)  will  alfo  be 
given  :  But  (by  Frop.  ;f  J  the  ratio  between  the 
Diftjmces  of  the  given  Planets  from  the  E:^rth  at 
the  time  of  Obfervat ionis  given,  (for  the  Diftance 
of  both  from  the  Earth  is  expreffed  in  the  parts 
of  the  mean  Diftance  of  the  Earth  from  the  Sun ;) 
and  therefore  the  ratio  of  the  Horizontal  Paral- 
laxes of  the  fame  Planets  is  alfo  given,  becaufe 
(by  Frop.^S.  B.  2.)  the  reciprocal  of  the  former: 
And  therefore  (  by  Lem.  preced.J  the  Horizontal 
Parallaxes  of  the  Planets  themfelves  are  alfo 
given. 

And  from  hence  the  Parallaxes  of  all  the  Pla- 
nets are  determined.  For  the  Parallax  of  one  of 
the  Planets  being  given,  the  Parallax  of  all  of 
them  (by  Pro/>.  49.  5. 2.)  are  given;  beicaufe  (by 
the  preceding  Propofition)  at  a  given  time  the  ra- 
tio between  their  Diftances  from  the  center  of 
the  Earth  is  given. 

SCHOLIUM. 

Tho'  any  two  Planets  in  any  Conjundion  faf- 
ter  the  manner  fhewn  in  the  preced.  Propofition) 
may  be  ufed  to  determine  the  Parallax  of  both^ 
nay  any  Planet  (  Mars,  for  inft^nce,  in  his  A- 
chronical  ficuation,  and  neareft  to  the  Earth)  in 
conjundion  with  a  Fix'd  Star,  whofe  Parallax  19 
nothing,  may  fuffice  to  determine  its  Parallax, 
(at  that  time  the  greatefl,)  one  of  the  inferior  Pla- 
nets palling  over  the  difc  of  the  Sun,  is  fitteft 
for  that  purpofe ;  efpecially  Venus,  whofe  Paral- 
lax is  very  fenfible,  becaufe  fhe  is  then  nearer  ^ 
and  the  Theory,  fo  far  as  it  is  necelfary  for  this 
purpofe,  is  accurately  enough  known. 


Pro* 
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Proposition    XLV. 

TO  determine  the  greater  Axes  of  the  Orbits  of  the 
Flanets,  Excentricitiesy  &C.   in  knonvn  meafures* 

For  any  time  fby  one  of  the  twd  preceding, 
or  any  other  method  (hewn  in  B,  2.)  find  the  Pa- 
rallax of  any  Planet,  correfponding  with  any 
known  apparent  Altitude  ^  and  from  thence  tha 
ratio  of  the  Diftance  of  the  Planet  from  the  cen- 
ter of  the  Earth  to  the  Semidiameter  of  the  Earth 
will  be  given  ;  namely  the  fame  (by  Vroj,  46. 
5.2.)  with  that  which  is  between  the  fine  of  the 
apparent  Diftance  from  the  vertex  and  the  fine  of 
the  Parallax.  But  (by  Pro;>.  35'.)  the  ratio  be- 
tween the  Diftance  of  the  Planet  from  the  center, 
of  the  Earth  and  the  Diftance  of  the  fame  from' 
the  Sun  at  that  known  time  ;  and  (by  the  preced. 
Prop.)  for  the  fame  Time  the  ratio  of  the  di- 
ftance of  the  Planet  from  the  Sun  to  the  greater 
Axe  of  the  Orbit,  and  its  Excentriciry,  c^c.  is  gf- 
ven :  And  therefore,  ex  ^equo^  and  by  {Dat,2.)  the 
ratio  of  thofe  right  lines  to  the  Diameter  of  the 
Earth  will  be  given ,  that  is,  all  thefe  Diameters 
of  the  Orbits  will  be  given,  exprelFed  by  Diame- 
ters of  the  Earth.  And  fince,  by  the  Scholoi 
Trof.  17.  B,  2.  the  Diameter  of  the  Earth  is  found 
in  known  and  familiar  meafures,  the  aforefaid 
Diameters  of  the  Orbits  will  be  given  in  the  fame. 

By  this  means  the  Diftances  of  the  Sun  and  Priu 
mary  Planets  from  the  Sun  at  any  time  propofed^ 
cxpreifed  by  Semidiameters  of  the  Earth  or  any- 
other  known  meafures,  become  known.  For 
thofe  Diftances  at  that  time  exprelfed  in  the  parts 
of  the  mean  Diftance  of  the  Earth  from  the  Strn 
are  known,  (by  Frop,  34.  and  ;^,)  and  (by  this)  thd 
faid  mean  Diftance  of  the  Earth  from  the  Sun  is 
known  in  known  meafures, 

Sectk 
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Section  VII. 
Of  the  Magnitude  and  Denlity  of  the  Sun  and 
Primary  Planets. 

,    Proposition  XLVI. 

TO  define  the  Magnitude  of  the  Sun  and  Trimarj 
Planets. 

'Ti§  very  proper  in  this  place^  having  laid  down 
the  Theory  of  the  Planets,  to  treat  alfo  of  their 
Magnitude  and  Denfity,  upon  which  Gonjiindly 
the  Quantity  of  Matter  in  each  depends ;  efpeci- 
ally  fince  fome  things  in  their  Motion  and  thci  di- 
menfion  of  their  Orbits  come  to  be  rectified  by 
this  means. 

Let  fome  one  of  thenl  be  JBC^lFig,  47.]whofe 
Center  is  P^and  let  O  be  the  Eye  of  the  Obferver. 
Join  the  right  line  OF,  along  which  imagine  a 
plane  drawn  cutting  the  fpherical  Body  of  the  Sun 
or  Planet  in  its  greateft  Circle  BJC  From  O  draw 
right  lines  OA,  OB  touching  it,  and  join  the 
right  line  FJ,  The  angle  A  OB  is  the  fame  with 
the  apparent  Diameter  of  the  faid  Body  at  0_,and 
is  bifeded  by  the  right  line  O  P.  Let  this  be  ob- 
ierved  by  the  methods  well  known  to  Aftrono- 
xners,  by  which  means,  in  the  Triangle  AOP,  all 
the  angles  will  be  known :  For  ,f  by  Trop.i6.  EL  5.) 
^  is  a  right  angle^  and  AOP  is  half  the  ob- 
lerv'd  apparent  Diameter  ;  hence  the  ratio  of  the 
iides  O  P  and  ^  P  is  known :  But  (  by  Prop.  4^.) 
the  ratio  between  the  Semidiameter  of  the  Earth, 
and  OP  theDiftance  of  the  Planet  is  given  ;  there- 
fore ex  aquo^  the  ratio  between  the  Semidiameters 
and  the  Earth  and  Planet  is  given^  therefore  the 
triplicate  of  this  is  alfo  given,  namely  the  ratio 
between  the  Earth  and  the  Planet.  But  the 
Magnitude  of  the  Earth  is  given  by  Schol.  Prop, 
%j.  B.  2  ;  and  therefore  the  Magnitude  of  th© 
JPlanet  (by  2  Dat.)  is  given.    ^  £.  K 

I  i  If 
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If  thro'  T  and  P  the  centers  of  the  Earth  and 
Planet  [_Fig,  48.]  a  Plane  be  drawn  cutting  them 
both^  the  common   fedions  of  this  plane  with 
thofe  Bodies  will  be  great  Circles  in  them.     But 
if  you  draw  the  Tangents  T  A^  PD,  and  join  TP, 
TDj  A  P  j  thefe  two  laft  do  almoft  coincide  with 
arcs  defcribed  upon  the  Centers  T  and  P  and  at 
the  diftance  TP  ;  and  confequently  they  are  in  ^m 
the  fame  ratio  with  the  angles  TP D^  PTA  that H 
they  fubtend,  the  latter  whereof  is  the  apparent 
Semidiameter  of  the  Planet^  the  former  its  Hori- 
zontki  Parallax  :  And  therefore  reciprocally  the 
Diameter  of  the  Planet  is   to  the  Diameter  of 
the  Earth,  as  the  apparent  Semidiamerer  of  the 
Planet  to  its  Horizontal  Parallax.     But  the  three 
latter  terms  of  this  Proportion  are  given ;  and 
therefore  the  firil,  namely  ttie  Diameter  of  the! 
Planet, 

SCHOLIUM, 

By  the  aforefaid  method,  the  Magnitudes  of 
the  Sun  and  all  the  Planecs,  excepting  the  Ea^th, 
may  be  accurately  compared  together.  For  heir 
Diameters  are  in  a  ratio  compounded  of  the  ratio 
of  the  Diftatices,  and  of  the  ratio  of  the  Sines  of 
the  femi-angles  under  which  they  2ppear,  that 
is,  almofi:  of  the  apparent  Diameters :  But  the  ra- 
tio of  the  Diftances  found  by  Prop.  35*.  is  the  fame 
with  the  true  by  Prop.  41  ;  and  the  ratio  of  the 
apparent  Diameters  is  certain  by  obfcrvation.  But 
the  compr^rifon  of  the  Magnitudes  of  thofe  Bodies 
with  the  Magnitude  of  the  Earth  depends  upon 
the  Parallax  of  feme  Planet.  If  this  be  not  accu- 
rately glven^  the  fdid  comparifon  can't  be  made 
accurately.  We  have  already  given  the  beft  me- 
thods of  finding  it  in  their  proper  places :  But  the 
laft,  which  you  have  in  Prop,  44.  feems  moft  fit 
for  ufe^  if  it  be  applied  to  Venus  ken  in  the.difc 
«Df  the  Sun  j  which  has  not  been  yet  done,  nor  can 
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be  done  till  the  year  1761,  (which  will  be  the  fe^' 
cond  time  of  Venus  being  to  be  feen  by  us  in  thd 
Sun./  If  in  the  mean  while  the  Diameter  of  the 
Earth  feen  from  the  Sun  be  made  a  mean  bet^ee 
theDiameters  of  the  five  others  feen  from  thefame^ 
(which  'tis  very  probable  is  not  far  from  the 
truth,  and  befides  agrees  very  nearly  with  the 
Parallax  of  the  Sun  determined  by  an  obfervati- 
on  of  Mercury  feen  in  the  Sun,  and  other  obfer- 
rations  made  other  ways,)  the  Magnitudes  of 
all  the  Planets  and  Sun  will  come  out  near  enough 
to  their  true  Magnitudes,  and  fuch  as  are  to  be 
taken  for  the  true,  'till  fomething  more  certaiii 
be  fettled  about  the  Parallax  of  the  Sun  by  obfer^ 
Nations, 

Proposition  XLVII.   Lemma* 

TO  find  the  ratio  of  the  Difiance  of  a  given  Secofi^ 
daryfrom  its  Frimarj^  to  the  Difiance  ofthegi^ 
Ven  Vrimary  from  the  Sun* 

Let  S  reprefent  the  Sun ;  [^Fig,^^?^  T  the  Earth  i 
P  any  Planet,  whofe  Satellite  is  -A.  At  T  obfertd 
its  greateft  Elongation  from  P,  namely  the  angle 
ATP,  Therefore  in  the  Triangle  P^r  rights 
angled  at  A,  the  angle  T  being  given,  the  ratid 
of  the  fide  ^P  to  PT*  will  be  given;  And  bjT 
Vrof,  3^.  the  ratio  of  P  r  to  TS  is  given  ^  and 
the  ratio  of  7^5;  to  the  Diftance  of  any  other  Pla<^ 
net  from  the  Sun  is  alfo  known  ^  and  therefore 
the  ratio  between  the  Diftance  of  the  given  Satel« 
iites  from  its  Primary  and  the  Diftance  of  any 
Primary  from  the  Sun  will  not  be  unknown. 

But  if  the  Satellite  propofed  be  our  Moon,  th4 
Problem  can  befolved  nootherwife  than  by  find* 
ing  the  Diftance  of  the  Sun  from  the  Earth,  (by 
one  of  the  methods  above,  or  fome  like  itj  and 
the  Diftance  of  the  Moon  from  the  fame  (by  the 
fame,or  fome  other  already  delivered  or  hereafter 
10  be  delivered  in  Book  j\}K) 

I  i  a  Pm^ 
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PROJ^OSITION    XLVIII. 

TO  find  the  ratio  of  the  ^antity  of  Matter  in  the 
Sun  to  the  .^^ntity  of  Matter  in  a  given  Vrimary^ 
ahout  which  a  Satellite  revolves. 

Let  S  be  the  Sun  ;  [Fig.  p.]  P  the  Primary 
Planet  given,  about  which  its  attendant  A  re- 
volves; and  let  K  be  any  other  of  the  Primaries 
taken  at  pleafure  :  Make  P  B  equal  to  S  F^  and 
imagine  any  Body  placed  at  B  ;  and  (by  Trof,^(). 
B,  I.)  the  Quantity  of  Matter  in  S  to  the  Quan- 
tity of  Matter  in  P^will  be  as  the  accelerative  gra- 
vity of  the  Body  F  towards  S  to  the  accelerative 
gravity  of  the  Body  jS  towards  P.  And  the  ratio  of 
the  accelerative  gravity  of  the  Body  F  towards  S 
to  the  accelerative  gravity  of  the  Body  B  towards 
P,  is  compounded  of  the  ratio  of  the  accelerative 
gravity  of  the  Body  F  towards  5,  to  the  accelera- 
tive gravity  of  the  Body  A  towards  P,  and  of  the 
ratio  of  the  accelerative  gravity  of  the  Body  ^ 
towards  P,  to  the  accelerative  gravity  of  the 
Body  B  towards  the  fame  P.  But  (by  Prop.  2,6. 
£.  I.)  the  accelerative  gravity  of  the  Body  rto- 
wards  S^  is  to  the  accelerative  gravity  of  the 
Body  A  towards  P  in  a  ratio  compounded  of  the 
ratio  of  the  right  line  SF  to  the  right  line  P  A, 
and  of  the  duplicate  ratio  of  the  periodic  Time 
of  the  Satellites  A  about  P,  to  the  periodic  Time 
of  the  Primary  F  about  the  Sun  ;  and  the  accele- 
rative gravity  of  the  Body  A  towards  the  Planet 
P  is  to  the  acceleravky  gravity  of  the  Body  B  to- 
wards the  fame,  in  the  duplicate  ratio  of  the  right 
line  P  B  (or  its  equal  S  F)  to  the  right  line  P  A. 
And  therefore  the  accelerativegravity  of  the  Body 
F  towards  S  is  to  the  accelerative  gravity  of  the 
Body  B  towards  P  ;  that  is  fas  wasfliewn  above) 
the  Quantity  of  Matter  mS  is  to  the  Quantity  of 
Matter  in  P^  in  a  ratio  compounded  of  the  three 

"        "      follow- 
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following;  namdy,  the  ratio  of  the  right  line  S  V 
to  the  right  line  P  Ay  the  duplicate  ratio  of  the 
periodic  Time  of  the  Satellite  A  about  the  Pla- 
net P,  to  the  periodic  Time  of  the  Pri  nary  V  a- 
bouc  the  Sun,  and  the  duplicate  ratio  of  the  right 
line  SV  to  the  right  line  PA,  But  the  firft  and 
laft  compounding  ratio  make  the  triplicate  ratio 
of  the  right  line  SVtoVjii  From  whence  the 
Quantity  of  Matter  in  S  is  to  the  Quantity  ofMat- 
ter  in  P  in  a  ratio  compounded  of  the  triplicate 
ratio  ol  SV  to  PA,  and  the  duplicate  ratio  of  the 
periodic  Time  of  the  Satellite  A  about  P  to  the 
periodic  Time  of  the  Primary  F  about  the  Sun. 
But  both  the  compounding  ratios  are  given; 
pamely  the  ratio  of  SFtoP  A^  by  tho  Lemma  pre- 
mifed,  and  the  periodic  Times  themfelves  by  ob- 
fervation:  Therefore  the  ratio  compounded  of 
them  will  not  be  unknown  ;  namely  the  ratio  of 
|he  Quantity  of  Matter  in  theSun  to  the  Quantity 
X)f  Matter  in  the  Primary  P. 

Hence  the  ratio  of  the  Quantity  of  Matter  in 
the  three  Planets  that  have  Satellites  may  be  found ; 
'viz,,  by  finding  the  ratio  of  the  Quantity  of  Mat- 
ter in  every  one  of  them  to  the  Quantity  of 
Matter  in  the  Sui?. 

Vc  HO  L  lU  M, 

After  the  fame  manner  you  may  find  the  ratio 
of  the  accelerative  Gravity  in  the  fuperhcies  of 
jthe  Sun  to  the  accelerative  Gravity  in  the  fuper- 
ficies  of  any  Planet  that  has  a  Satellite.  For 
jthe  ratio  of  Gravity  in  the  furface  of  the  Sun,  to 
fhe  Gravity  in  V.  viz,,  the  duplicate  of  the  ratio 
pf  the  Diftance  SVy  to  the  Semidiameter  of  the 
3un,  known  from  what  goes  before,  and  the  ra- 
tio of  Gravity  in  F towards  the  Sun  to  the  Gra- 
vity in  A  towards  the  Planet,  found  as  above,  are 
}iad  ;  as  alfo  the  ratio  of  Gravity  in  -^  to  the 
Gravity  in  the  fuperficies  of  the  Planet  F,  the 
'''''■       "    '  li  ;  dupli^ 
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duplicate  of  the  known  ratio  that  the  Semidiame- 
ter  of  the  Planet  has  to  the  Diftance  of  the  Sat  el- 
iite  from  the  Primary.  Now  it  is  evidGntj  that 
the  ratio  compounded  of  thefe  three  known  ra- 
ti02j  is  the  fame  with  the  ratio  of  Gravity  in  the 
fuperficiesof  the  Sun  to  the  Gravity  in  the  fur^ 
face  of  the  Planet  V.  And  from  hence  again,  ex 
^quoy  the  ratio  of  Gravity  in  the  fiiperficies  of  on^ 
Planet  to  the  Gravity  iii  the  fuperficies  of  the  o- 
ther  Planet^  if  both  have  Satellites^  will  be  deter« 
niinedo 

P R 0*P  OS  I T  I o  N  XLIX* 

TO  find  the  rath  of  the  Denfity  of  the  Sun  to  the 
Denjity  of  any  Trimary  Vianet y  about  'which  a 
Satellite  re'vol'ues. 

If  there  be  twoBodies  A  andB  of  the  fame  mag- 
Bitude,  'tis  evident  the  Quantity  of  Matter  in  A 
is  to  the  Quantity  of  Matter  in  5  as  the  denfity 
pf  A  is  to  the  denfity  of  B :  And  if  they  be  of  the 
fame  denfity,  the  quantity  of  matter  in  A  is  to 
the  quantity  of  matter  in  B,  as  the  magnitude  of 
the  Body  A  to  the  magnitude  of  the  Body  B: 
And  therefore,  tho'  neither  the  magnitudes  nor 
denfities  are  equal,  the  ratio  of  the  quantity  of 
matter  in  A  to  the  quantity  of  matter  in  B,  is 
compounded  of  the  dired  ratio  of  the  denfities 
and  the  dired  ratio  of  the  magnitudes  of  them. 
Wherefore  the  ratio  of  the  denfity  of  the  Body  A 
to  the  denfity  of  the  Body  B,  is  compounded  of 
the  ratio  of  the  quantity  of  matter  in  A  to  the 
quantity  of  matter  in  B,  and  the  ratio  of  the  mag- 
nitude of  the  Body  B  to  the  magnitude  of  the 
Body  A ;  that  is,  (in  the  prefent  cafe;  the  Den- 
fity of  the  Sun  is  to  the  Denfity  of  a  Planet  in  a 
ratio  compounded  of  the  ratio  of  the  Quantity  of 
matter  in  the  Sun  to  the  Quantity  of  matter  in  the 
laid  Planet,  and  the  ratio  of  th^  Magnitude  of  a 
^  --      ^  '-^  '  Planed 
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Planet  to  the?  Magnitude  of  the  Sun.  jBut  (by 
prec.  Frop.)  the  former  of  the  compounding  ratios 
is  given,  if  the  Planet  have  a  Satellite,and  (by  Frop. 
46.)  the  latter  is  given  ;  therefore  the  ratio  com- 
pounded of  them  is  given,  namely  of  the  Denfity 
of  the  Sun  to  the  Denfity  of  the  Planet. 
COROLLART, 
From  hence,  ex  cequo^th^  ratio  of  theDenfities  of 
three  of  the  Primary  Planets  is  had,  namely  Sa- 
turn, Jupicer  and  the  Earth.  The  Denfities  of  the 
three  others  may  be  analogically  derived  from 
hence.  No  doubt  the  Divine  Being,  the  Wife 
Creator  of  the  World,  has  placed  the  Planets  at 
different  diftances  from  the  Sun,  that  each  of 
them  may  enjoy  a  greater  or  left  degree  of  the 
Sun's  hear,  according  to  the  degree  of  its  Denfi- 
ty :  For  denfer  Matter  requires  a  greater  heat  to 
perform  its  natural  operations  withal.  But  with- 
out doubt,  fome  refped  is  had  to  the  Magnit^ide 
of  the  Planet,  fmce  of  like  Bodies  the  leffer, 
ceteris  parihus,  are  heated  ftronger  and  more  inti- 
mately ;  becaufe  in  refped  of  their  Bulk,  they 
have  a  greaier  fuperficies,  and  conftquently  re- 
ceive more  rays. 

Proposition   L. 

TO  correB  the  greater  Axes  of  the  Orhits  of  the 
Tlanets  found  before. 
In  Propofition  24,  the  greater  Axes  of  the  Or- 
bits are  taken  in  the  fubfefquipiicate  ratio  of  the 
periodic  Time ;  that  is,   the  Maffes  of  the  Pla- 
nets are  abftraded  from,  as  ought  to  be  done 
before  they  are  determined,   and  the  Planets  are 
looked  upon  as  points  revolving  in  EUipfes  about 
the  center  of  the  Sun  at  reft  and  placed  in  the 
Focus.    But  becaufe  the  anions  of  the  Sun  and 
Planet  are  mutual,  and  a  Planet  is  made  by  them 
fp  defgribe  an  Ellipfe  (  by  Frcp.  j8.  £1. ;  whofe 
114  Focu§ 
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Focus  is  the  common  center  of  Gravity  of  its  felf 
and  the  Sun,  fimilar  to  that  which  it  would  de- 
fcribe  (by  Frop.  5-1.  5.  i.)  attracSted  by  the  fame 
Forces,  about  the  Sun  at  reft  ;  and  (by  Trop,  5:4. 
B'  1.)  the  greater  Axe  of  the  Ellipfe  that  any 
Planet  defcribes  about  the  Sun,  revolving  at  the 
fame  time  about  the  common  center  of  Gravity, 
is  fhown  to  be  to  the  greater  Axe  of  the  Ellipfe, 
that  the  fame  Planet  would  defcribe  about  the 
Sun  at  reft  in  the  fame  periodic  Time,  in  the 
fubtriplicate  ratio,  of  the  fum  of  the  MalTes  of 
the  Sun  and  Planet  to  the  Mafs  of  the  Sun;  there- 
fore the  greater  Axe  of  the  Orbit  of  each  Planet 
(found  by  Frop.  24.)  is  to  be  increafed  in  the  faid 
fubtriplicate  ratio  of  the  fums  of  the  Maffes  of  the 
Sun  and  Planet  to  the  Mafs  of  the  Sun,  that  it 
may  be  corred.  But  (by  Frop.  48.)  the  ratio  be^ 
tween  the  Mafles  of  the  Sun  and  Planets  are  gi- 
ven, and  therefore  the  ratio  is  given,  wherein  the 
greater  Axes  (found  by  Frop,  24.)  of  the  Orbits 
»re  to  be  increafed,  that  they  may  be  corred. 

Proposition  LI. 

TO  efiimate  the  Errors  of  the  motion  of  the  F.k^Ps 
ahout  the  Sutiy  ariflng  from  their  A^ion   upon 
en^  mwther. 

If  S  reprefent  the  Sun,  [Fi^.ji.]  JSCE  aod  DL 
the  Orbits  of  two  of  the  Planets;  'tis  evident  that 
while  the  nearer  to  the  Sun  is  in  A,  and  the  more 
remote  in  D,  (namely  when  the  Planets  are  tend- 
ing towards  an  Heliocentric  Conjunction,)  the 
nearer  to  the  Sun  will  be  a  little  accelerated,  and 
the  more  diftant  retarded  by  the  Attraction  upon 
one  another  ;  and  when  they  are  arrived  after  the 
Conjundion  to  fuch  a  Situation  as  C  and  D  is, that 
the  more  diftant  one  is  accelerated,  and  the  near- 
er is  retarded  ^  and  that  near  the  Heliocentric 
ConjuniSkion  ^he  Diftance  of  the  irioie  remote 
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Planet  from  the"  Sun  is  leffened,  of  the  nearer  is 
increafed.  And  fince  the  Maffes  of  the  Sun  and 
both  the  Planets  (by  Vrop,  48.)  are  given,  and  the 
mutual  Diilances  from  the  Superiors  are  alfo  given, 
and  that  (by  the  preced.  Trop.)  corrediy ;  the  ra- 
tio of  the  Attradion  of  each  towards  the  Sun  to 
the  Attradion  towards  the  other  will  be  givejrt_^ 
and  confequently  the  ratio  of  the  Error  arifing 
from  the  mutual  Attradion  to  the  efFed  of  that 
Force,  whereby  each  is  retained  in  its  proper  Or- 
jbit  about  the  Sun. 

But  if  all  the  Error  is  to  be  thrown  upon  the 
Planet  that  is  more  remote  from  the  Sun,  the  Or^ 
bit  of  the  nearer  remaining,  this  v/ill  be  done  al- 
moft  (by  Frop.  ^S.B,  i.)  by  placing  the  Focus  of 
the  exterior  Orbit  in  the  common  Center  of 
Gravity  of  the  Sun  and  of  the  interior. 

Thefe  Errors  are  mo?f  fenfible  in  Jupiter  and 
Saturn,  becaufe  of  the  vaft  Maffes  of  thofe  Planets. 

sc  HO  L  ixr m: 

There  are  alfo  feme  inequalities  arifing  fronj 
the  mutual  Adion  of  the  Primary  and  their  Sa- 
tellites :  For  (by  Vrof,  6^.  B.  i,)  'tis  not  the  Cen- 
ter of  the  Primary,  but  the  Center  of  Gravity 
of  the  Primary  and  the  Satellites,  that  defcribes 
the  Elliptic  Orbit  about  the  Sun.  But  becaufe 
thefe  things  depend  upon  the  Quantities  of  Mat- 
ter in  thefe  Secondaries,  the  method  of  determi- 
ning which  properly  belongs  to  the  following 
Book,  wefliall  at  prefent  fay  nothing  of  them. 


Section   VIII. 
Of  tlie  Figure  of  the  Sun  gnd  Planets, 

Proposition  LIL 

TO  determine  the  Figure  of  the  Earth  ;  that  is,  the 
ratio  that  its  Axe  has  to  the  Diameters  that  are 
prpindicuUir  to  th'tW'^^  '        '  Ip 
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In  the  firft  Book,  at  Trop.  51,  we  Ihewed  in  ge- 
neral, from  the  proper  caufes,  that  the  Sun  and 
Planets  are  of  a  Figure  depreffed  towards  the 
Poles,  but  elevated  towards  the  Circle,  that  lies 
exadiy  between  the  Poles,  approaching  that  of 
an  oblate  Spheroid.  Now  we  come  to  determine 
this  Figure  by  obfervations.  And  firft  the  Figure 
of  the  Earth  is  to  be  defined. 

Let  the  Figure  AVEpy  [Fig.  fz.]  whofe  Center  is 
C,  reprefent  the  Earthy  Pp  its  Axis,  y4E  any  Dia- 
meter of  the  Equator,  perpendicular  to  the  Axe. 
Let  the  lengths  of  Pendulums  ofcillating  in  a  Cy- 
cloid, in  a  given  fpace  of  time,  in  the  Places 
A  and  P ;  and  ACy  PC  will  be  reciprocally  as  the 
faid  lengths  of  the  Pendulums,  and  therefore  in 
a  known  ratio.  Let  the  fame  be  done  in  any  in- 
termediate Place  jB,  whofe  Latitude  (^Iz*  the 
angle  ACB)  is  known,  ("by Trop,  18. B.z;)  and 
ACy  BC  will  be  reciprocally  as  the  lengths  of  the 
,l^endulums  ofcillating  in  an  equal  fpace  of  Time 
In  thofe  Places  A  and  B,  and  therefore  in  a  given 
ratio. 

For  imagine  a  Canal  filled  with  a  Fluid  and 
bent  from  A  to  C,  and  from  thence  to  P.  From 
the  reft  of  the  Fluid  'tis  evident  that  the  Fluid 
in  the  Leg  of  the  Canal  AC  is  in  equilibfio  with 
the  Fluid  in  the  Leg  PC^  the  centrifugal  Force 
arifing  from  the  motion  about  the  Earth's  Axis, 
^nd  the  greater  diftance  from  the  Earth's  Center 
raifing  and  retaining  the  Fluid  in  the  Leg  CA,  at 
a  greater  height  than  in  the  Leg  CP.  Wherefore 
any  portion  of  theFluid  in  CJ,  is  in  equilibrio  for 
Equally  heavy)  with  the  like  fimilarly  pofited  por- 
tion of  the  Fluid  in  the  Leg  C  P,  (which  confe- 
guently  is  alfo  true  of  any  homogeneous  Bodies, 
the'  they  be  not  Fluid;)  and  the  upper  points  A 
and  P  are  fimilarly  pofited  in  the  Legs:  And 
therefore  homogeneous  Bodies  placed  in  A  and  B 
"  -     ^  '        which 
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which  areas  A€^  PC  are  equiponderant  towards 
the  Center  of  the  Earth,  .  But  the  Gravity  of  a 
Body  placed  in  v^3  which  is  ^s  P  C,  is  to  the  Gra- 
vity  of    aiiother  homogeneous  Body  ftand'i'ni; 
there,  that  is,  as-^C,  as  P  C  to  y^C/ (namely  the 
weights  of  homogeneous  Bodies  placed  near  onfe 
ahorher/are  as  the  Bodies  themfelves^)  and  there- 
fore the  Gravities  of  homogeneous  equal  Bodies 
"  placed  in'^  and  P  are  as  PC  and  JC;  that  is, 
reciprocally  aittievdiftances  from  the  Center. 
Juft  after  the  fame  manner  the  Gtavity  'of  the 
Body  in  B  may  be  ftewn  to  be  to  the  Gravity 
of  ah  equal  and  homogeneous  Body  in  P,  as  CP 
icr  CB  ;  for  the'Fltiid  will  continue  at  reft  in  the 
Canal\BC  P,  "as  in  the  former  A'CT:  Wherefore 
ex  eqiioj  the  atfbltite  Gravities  of  equal  and  ho- 
TTiogeneous  Bodies  placed  any  where  oh  the  Sur^ 
face  of  the  -Earth  are  reciprocally  as  the  Diftan- 
ces  from  the  Centet.    But  the  accelerative  Gra- 
vity of  a  Body  is  as  its  abfoiute  Gravity  applied 
to  its  Mafi.     And  therefore  the  accelerative  Gra- 
vities of  Bodies  placed  on  the  Surface  of  the 
Earth  are  as  the  diftances  of  the  Places  from  the 
Center  reciprocally.     Moreover,  becaufe  the  o- 
fcillation  of  a  pendulous  Body  placed  at  Ay  and 
moved  in  a  Cycloid,  is  fuppofed  (by  obfervation) 
to  be  performed  in  the  fame  fpace  of  time  with 
the  ofcillation  of  another  at  P ;  and  (by  Prop.  2  f . 
Tart  2.   of  Hugenius's  Horologium  OfciUatorium)  the 
time  of  a  free  defcent  along  a  given  axe  of  a  Cy- 
cloid has  a  given  ratio  to  the  time  of  Ofcillation 
in  that  Cycloid;  and  (by  Vrof,  6.  and  7.  Fart  ;.  of 
the  faid  Book)  the  axis  of  the  Cycloid,  which  a 
heavy  Pendulum  defcribes,  has  a  given  ratio  to 
the  length  of  the  String  fufpending  the  weight ; 
and  confequently  the  time  of  a  free  defcent  along 
the  given  axis  of  the  Cycloid^  has  alfo  a  given 
ratio  to  the  time  of  a  free  deli^ent  along  t*he 
-i^^..;    ./^;.-.  .  ^ '-  .        ■  length 
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kngth  of  the  firing,  namely,  the  fubduplicate 
of  the  former:  The  time  of  a  free  jdefcent  along 
the  length  of  a  Pendulum  placed  at  A^  y/jll  be 
equal  to  the  time  of  a  free  defcent  along  th^ 
length  of  a  Pendulun?  placed  at  P«  But  the  fpa-l 
ces  at^  and  P,  run  in  equal  times  by  a  f jelling  Bo- 
dy, are  as  the  accelerative  Gravities  in  the  faid 
Places  A  and  P,  i;i2s.  the  effe^s  are  as  their  caufes; 
and  the  faid  accelerative  Gravities  have  already 
been  fliewn  to  be  reciprocally  as  the  diftances 
from  the  Center ;  and  therefore  the  length  of  a 
Pendulum  ofcillating  at  Ay  is  to  the  length  of  a 
Pendulum  ofcillating  at  P  in  an  equal  fpace  of 
time  as  CP  to  C^.  And  after  the  fame  mnnner 
may  it  be  fliewn,  that  the  length  of  a  Pendulun:^ 
at  B  is  to  the  length  of  a  Pendulumat  P  ofcilla- 
ting in  an  equal  fpace  of  time  as  CV  to  CB\  Where- 
fore, ex  a^uoy  univerfally  the  lengths  of  Pendii- 
lums  ofcillating  in  equal  Times  are  reciprocally 
as  the  diftances  of  the  Places  from  the  Center  of 
the  Earth.  Since  therefore  the  ratio  oi  AC  to  any 
B  C  and  the  inclination  of  the  faid  5  C  to  ^  C, 
,and  (among  the  reftj  the  ratio  of  ^C  to  PC,  are 
founds  the  nature  of  the  Figure  ^^  P  E  p  is  de- 
fined, namely,  of  the  Se(5tion  of  the  Earth  with 
the  plane  of  the  Meridian,  by  whofe  rotation  a- 
bout  the  Axis  Pp ,  the  Figure  of  the  Earth  is  ge- 
nerated.   ^^E.F, 

If  the  Figure  of  the  Earth  were  to  be  deter^ 
mined  after  the  manner  above  defcribed,  ther^ 
would  be  no  need  of  meafuring  the  length  of  a 
Pendulum  ofcillating  at  the  Pole  P,  in  a  givea 
fpace  of  time:  For  by  obferving  feveral  fuch 
lengths  in  different  Latitudes,  the  length  of  ^ 
Pendulum  ofcillating  at  the  Pole  in  che  faid 
fpace  of  time,  may  fafely  be  concluded  upon. 

Again,  in  folving  this  Problem,  there  will 
be  no  n^  of  fitting  a  Pendulum  after  fuch 
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a  tnantier  in  different  places^  as  to  make  it  per- 
form its  ofcillations  in  the  fame  fpace  of  time :  It 
will  be  fufficient  to  carry  into  the  other  places  a 
Pendulum  fitted  to  one  place,  fo  as  that  its  feve- 
ral  fingle  ofcillations  may  anfwer  a  given  fpace  of 
time,  and  mark  how  much  a  Clock,  that  has  the 
faid  Pendulum  for  its  Ballance,  is  fwifter  or  flower 
during  one  apparent  revolution  of  a  Fix  d  Star  to 
the  fame  place,  according  as  the  places,  into 
which  it  is  carried,  are  nearer  the  Equator  or 
Pole,  than  that  place  is  to  which  the  Movement  is 
adjufted,  and  from  that  acceleration  or  retarda- 
tion it  may  be  found  by  calculation,  what  length 
is  neceflary  to  make  the  fmgle  ofcillations  to  be 
performed  in  the  fame  fpace  of  time,  as  they  are 
in  the  place  to  which  the  Pendulum  was  firft  ad- 
jufted. 

COROLLART. 

Hence  it  follows,  Cthe  fame  things  remaining) 
if  a  Circle  be  defcribed  upon  the  interval CA  or  CE 
^Fig.  y^.Jand  the  line  CB  drawn  any  how  be  pro- 
duced to  D,  that  DB  is  as  the  increment  of  the  ac-* 
celerative  Gravity  in  the  recefs  from  the  Equator 
towards  either  Pole,  or  as  the  increment  above 
the  length  of  the  Pendulum  ofcillating  at  the  E- 
quator  in  the  given  time,  agreeable  to  the  place 
J?.  For  it  has  been  fliewn  above,  that  if  ^C  re- 
prefent  the  gravity  or  length  of  a  Pendulum  ar 
the  Pole,  CP  will  reprefent  the  increment  of  the 
gravity  or  length  of  the  faid  Pendulum  ofcillating 
in  an  equal  time  at  the  Equator ;  and  therefore 
(producing  Pf  to  Fand  G)  PFwili  reprefent  the 
increment  of  the  gravity  or  of  the  length  of  the 
faid  Pendulum  at  the  Pole  P.  In  like  manner,  if 
C  B  reprefent  the  gravity  or  length  of  the  Pendu- 
lum ac  Ay  AC  fthat  is,  DC)  will  exprefs  the  gravi- 
ty or  length  of  the  Pendulum^  at  B;  and  confe- 
quently  DB  the  excefs  or  increment  of  the  gra- 
vity 
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vity  or  length  of  the  Pendulum  at  5,  above  th@ 
gravity  or  length  of  the  Pendulum  ofcillatbg  iti 
the  fame  time  at  A 

If  APE f,  the  fecftion  of  the  Earth  with  the 
plane  of  the  Meridian  be  an  Ellipfe^  the  incre-. 
ments  of  -the  gravity  or  of  the  length  of  the 
Pendulum  in  the  different  places  of  the  Surface  of 
the  Earth,  above  the  gravities  or  length  of  the 
Pendulum  at  the  Equator,  will  be  very  nearly  in 
the  duplicate  ratio  of  the  right  Sines  of  the  La- 
titudes of  thofe  Places.  Thro*  D  draw  DM  p^-^ 
rallel  to  the  Axe  P  /?,  meeting  the  Ellipfe  in  L^ 
and  the  right  line^E  in  the  point  M,  from  whence 
let  fall  the  perpendicular  MK  upon  CD^  take 
DHequal  to  PF,  wherefore  C His  equal  to  CF^ 
and  join  LH:  Becaufe  ^PE  is  an  Ellipfe,  fby 
Trop.  51.  5.  I.  EL  Conic.)  CPli  is  to  MLlSis  the 
recftangle  under  A  C  and  CE  is  to  the  rectangle 
under  AM  and  ME:  And,  by  the  fame,  in  the 
Circle  AFE^  C F^  is  to  MD^  as  the  redangle 
tinder  A  C  and  CE  to  the  rectangle  under  A  M  and 
M  E  'y  and  therefore  C  Fi  will  be  to  MD  ^  as  C  P  ^  to 
ML1.  Wherefore  CF  is  to  MD  as  C  P  to  ML;  and 
therefore  (by  Vrof.i^.  El  $.)  PF  is  to  LD  as  C P  to 
LM;  that  is,  HD  is  to  L  D  as  CH  to  ML  ;  and 
therefore  (by  Prop. 2.  El,  6.)  L  His  parallel  to  CM^ 
and  confequently  the  Triangle  LDHh  (imilar  to 
theTriangle  MDC^  and  fimilarly  pofited.  But  frornt 
the  right  angle  M  of  the  Triangle  CMD  the  right 
line  MX  is  drawn  perpendicular  to  the  Hypo- 
thenufe  DC,  which  alfo  is  very  nearly  done 
in  the  Triangle  H  LD,  the  particle  LB  oi 
the  curve  of  the  Ellipfe  being  almoft  a  right 
line  and  perpendicular  to  C  D,  becaufe  the  El-* 
iipfe  AP  Ep  does  not  differ  much  from  the  Cir- 
cle AFEG:  Wherefore  CD  is  fimilarly  divided 
in  K,  as  HD  is  divided  in  B;  that  is,  HD  is  to 
JDjBas  CDto  DK,  ovPF  to  BD  as  C  D  to  DK. 

Again^ 
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Again,  becaufe  of  the  rightangled  Triangle  C  ykfl> 
divided  by  the  right  line  MK  perpendicular  to 
CD,  (by  ?rop,  8.  Elem.  6.)  CD,DM,DK  will  be 
proportional,  or  the  ratio  of  CD  to  DK  the  du- 
plicate of  the  ratio  of  CD  to  Dykf ;  that  is,  of  the 
ratio  oi  CF^to  MD.     But  it  has  already  been 
fliewn,  that  TF  is  to  BD  as  CD  to  DK\   and 
therefore  TF  is  to  JBD  in  the  duplicate  ratio  of 
CFto  MD  :  But  CF  is  the  whole  Sine,  and  MD 
the  right  Sine  of  the  angle  ACB,  namely  of  the 
Latitude  of  the  place  B ;  and  P  F,  B  D,  are  tha 
increments  of  the  gravity  or  length  of  the  Pen- 
dulum ofcillating  in  the  given  time,  agreeable  to 
the  Places  P  and  S,  above  the  gravity  or  length 
of  the  Pendulum  at  the  Equator  :  And  therefore 
fuppofing  ^PE/>  an  Ellipfe,  the  increment  of  th^ 
gravity  or  length  of  the  Pendulum  at  the  Pole,  a- 
bove  the  gravity  or  length  of  the  Pendulum  at  the 
Equator,is  to  the  like  increment  in  any  other  Place 
B  of  the  furface  of  the  Earth,  very  nearly  in  the 
duplicate  ratio  of  the  Radius  to  the  right  Sine  of 
the  Latitude  of  the  faid  place  B.    And  the  fame 
may  be  ftiewn  in  any  other  place  on  the  furface 
of  the  Earth  :  And  therefore,  ex  a^m^  if  AP  Ef 
be  an  Ellipfe,  the  increments  of  the  gravity  or  of 
the  length  of  the  Pendulum  in  different  places  of 
the  furface  of  the  Earth,  above  the  gravity  oc 
length  of  a  Pendulum  ofcillating  the  like  Time  ac 
the  Equator,  in  the  duplicate  ratio  of  the  righc 
Sines  of  the  Latitude  of  thofe  places  verynearly. 
SCHOLIUM. 
All  thefe  Premifes  are  true,  fuppofing  the  Earth 
to  confift  of  uniform  and  equally  denfe  matter^ 
For  we  fuppofed  the  Fluids  wherewith  the  Canals 
ACVyBC?  are  filled,  to  be  uniform  and  homo- 
geneous. But  if  the  matter  whereof  the  Earth  con- 
fifts,  be  denier  at  the  Center  than  towards  th^ 
furface,  the  above  mentioned  increments  of  the 
~  di- 
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diftances  from  the  Center  going  from  the  Polei 
towards  the  Equator,  and  the  proportional  incre- 
ments of  Gravity  and  of  the  length  of  the  Pendu- 
lum ofcillating  in  the  given  Time  going  from  the 
Equator  towards  the  Poles,  will  be  greater  than 
the  Calculus  upon*  the  former  fuppofition  makes 
them ;  and  the  Axis  of  the  Earth  will  be  lefs  in 
refped:  of  the  Diameters  perpendicular  to  the  fame. 
For  if  this  matter  towards  the  Center,  by  which 
the  Earth  is  denfer  there,  be  imagined  to  be  re- 
moved, or  rather  be  looked  upon  feparately^  that 
the  remaining  matter  may  be  every  where  equal- 
ly denfe  ;  from  what  precedes  'tis  evident, that  the 
accelerative  Gravity  in  different  places  of  the  fur- 
face  of  this  equally  denfe  Earth,  is  reciprocally  pro- 
portional to  the  diftanee  from  theCenten  But  the 
faid  accelerative  Gravity  isftillinGreafed,by  reafbn 
of  that  redundant  matter  about  the  Center,-  and 
that  (as  is  fhewn  mBocki.)  nearly  in  the  duplicate? 
reciprocal  ratio  of  the  Diftanee  from  the  Center^ 
Since  therefore  in  the  cafe  of  the  uniformly  denf© 
Earth  its  fuperficies  is  elevated  towards  the  Equa- 
tor and  deprefled  towards  the  Poles  ;  and  the 
Gravity  at  the  Equator  lefs  than  at  the  Pole  in 
the  ratio  of  the  diftanee  of  the  Pole  from  the  Cen- 
ter tothefemidiameter  of  the  Equator;  and  further 
the  gravity  at  the  Equator  to  the  aforefaid  redun- 
dant matter  about  the  Center  Ihould  be  lefs  than 
at  the  Pole,  in  a  duplicate  ratio  of  the  diftanee  of 
the  Pole  from  the  Center  to  the  femidiameter  of 
the  Equator,  which  is  lefs  than  the  former  fimple 
ratio,  fmce  that  ratio  is  a  ratio  of  lelTer  inequa- 
lity ;  and  therefore  from  both  caufes  together^ 
t)r  in  the  cafe  df  the  Earth's  being  denfer  toward 
the  Center,  the  Gravity  at  the  Center  compoun- 
ded of  the  two  former,  is  lefs  than  the  Gravity  at 
the  Pole  in  a  ratio  lefs  than  that  is  which  the 

diftan<?$ 
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diftance  of  the  Pole  from  the  Center  has  to  th^ 
femidiarneter  of  the  Equator.  And  therefor^ 
from  this  lefler  Gravity  at  the  Equator  in  refpe(5ir 
of  that  which  holds  at  the  Poles^  the  Earth  will  be 
more  elevated  at  the  Equator^  than  what  n 
would  be  from  what  goes  before.  And  the  fame 
holds  in  the  length  of  the  Pendulum  ofcillating 
in  a  given  fpaceof  time^  becaufe  it  is  fhewnabov© 
to  be  proportional  to  the  accslerative  Gravity. 


nr 


Proposition  LIIL 

O  determine  the  ratio  that  the  ^xis  of  the  Sun^ 
JL     or  of  a  given  Vianet ^  has  to  the  Diameters  per- 
fendicular  to  it. 

Find  by  Trof.  26.  J5.  1.  the  ratio  of  the  centri- 
fugal Force  in  the  Circle  that  i^  in  the  middld 
between  the  Poles  of  the  Sun  or  of  the  given  Pla- 
tiet  to  the  cehtrifiigal  Force  in  the  Equator  of  the 
Earth:  Btit  the  ratio  between  the  centrifugal 
Force  in  theEquator  of  theEdrth  to  theGravity  ort 
the  Surface  of  the  Earth  is  given,  i/is:,.  the  lamp 
with  the  ratio  found  above,  that  the  excefs  of  thd 
Diameter  of  the  Earth  lilong  the  Equator  hfis  td 
the  Axi^  of  the  fame  ;  and  by  SchoL  Trof.  48.  thd 
ratio  of  the  Gravity  on  the  furface  of  the  Earth 
to  the  Gravity  on  the  furface  of  the  Sun  or  of 
the  given  Planet  is  given  :  And  therefore  the  ra-- 
tio  compounded  of  thefe  will  be  given,  riarhely 
the  ratio  th^t  the  centrifugal  Force  in  the  middle 
Circle,  between  the  Poles  of  the  Stiri  of  of  thd 
given  Planet,  has  to  the  Gravity  On  the  furface 
of  the  fame.  And  this  is  the  fame  with  that  whicli 
the  excefs  of  the  Diameter  of  the  Equator  of  the 
Sun  or  of  the  given  Planet  above  the  Axe  of  the 
fame  to  the  faid  A:ite,  firice  (hy  preced.  Vrof.)  thafc 
excefs  arifes  only  from  that  centrifugal  Force, 
and  eonfequently  is  proportional  to  it  i  There^ 

Kk  for^ 
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fore  (by  Dat^  6.)  the  ratio  between  the  Axes  of 
the  Sun  or  of  a  given  Planet  and  its  Diameter 
perpendicular  to  the  Axe  will  be  given. 


Section  IX. 
Of  the  Diflances  of  the  Fix  d  Stars, 

Proposition  LIV. 

TO  determine  the  Difiance  of  a  Fix  d  Star  hy  Oh' 
fervation. 
Having  determined  the  Diftance  and  Magni 
tudeofthe  Sun  and    Primary  Planets^  what  re- 
mains is  only  to  difcourfe  a  lircle  of  the  Diftance 
of  the  Fix'd  Stars.     And  tho'  the  Diftance  of  the 
Fix'd  Stars  be  fo  immenfely  great  in  comparifon 
of  the  Diameter  of  the  Earthy  that  the  lacier  in- 
tirely  vaniilies  and  becomes  irfenfibie  ;  and  there- 
fore all  the  ways  laid  down  in  this  and  the  pre- 
ceding Book  for  finding  the  Parallajc  of  any  Ph^- 
Bomenon^  and  confcquently  the  Diflance,  are 
nfeiefs  in  this  matter  :    Yet  the  Diameter  of  .he 
Orbit  that  the  Earth  defcribes  in  the  fpace  of  ^ 
Year  about  the  Sun,  may  feem  big  enough  to  bs 
compared  even  with  the  Diftance  of  the  Fix'(| 
Stars:  and  (incs  we^  who  are  carried  on  the  Earthy 
poffefs  fometimes  this^  fometimes  that  extremity 
of  the  Diameter  of  the  faid  Orbit,  there  ought  to. 
arife  a  very  feniible  Parallax  of  the  Fix'd  Stars 
from  fo    fenfibie  a  removal  of  the .  Obferver. 
The  Obfervation  may  be  made  very  commodi- 
ouily  after  the  following  or  fome  fuch  like  me- 
thod. 

Let  S  I  Fig.  5-4.]  reprefent  the    Sun,  J  MB 
d>s  Orkk  Magntis.  Chufe  two  Stars  C  aad  F  near 

©Be 
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one  anothet^3fituated  riot  far  from  the  Ecliptic.  Ob«» 
ferve  their  Diftartce^  when  bne^  as  C,  is  in  oppofi^ 
tion  to  the  Siin^'i/ij:,.  the  angle  i^^^C.  Obferve  their 
Diftance  again^when  C  is  in  conjundion  with  tha 
Sun,  namely  the  angle  F5C.  Therefore  iii  the  Tri- 
angle F^'i^  all  the  angles  being  given,  the  ratio  of 
the  fides  is  giVen^namely  OfPJ  theDiftanceof  th^ 
Fix'd  Star  from  A  to  AB  the  Diameter  of  the  Orbh 
Magnus  known  by  Tro^,  45' ;  therefore  ^F  is  deter- 
mined. After  the  like  manner  the  Diftance  of  a  Fii'd 
Star  may  be  fcund^  if  the  fecond  ohfervation  of 
the  apparent  Diftance  of  the  Fix'd  Star  be  made, 
when  C  is  not  in  conjunclion  with  the  Sun/which 
perhaps  would  be  difficulty  by  reafon  of  the  Sun's 
brightnefs, )  but  in  any  other  known  fituation  of 
the  Earth,  as  when  it  is  in  M :  For  the  right  line 
A  M,  and  its  ratio  to  the  known  one  A  B^  is 
known  by  the  above  cited  Vrop,  45^ . 

Having  once  determined  the  Diftance  of  a  Fix*d 
Star,  its  Magnitude  will  be  defined  by  the  method 
laid  down  in  Trop.  4^6,  provided  the  apparent  Di-^ 
ameter  of  the  Fix'd  Star  be  fenfible. 
SCHOLIUM, 

Becaufe  the  Obfervacions  defcribed  above,  of 
others  like  them  neceffary  to  determine  the  Di- 
ftance of  the  Fix'd  Stars,  are  follippery  and  require 
fo  much  nicety,  that  Artifts  dare  not  pTomife 
they  fliall  obtain  it  by  thofe  means ;  yet  they  think 
they  have  done  fomething  very  confiderable,  if 
they  can  fhow  by  obfervation  that  there  is  a  Pa- 
rallax of  the  Fix'd  Stars  in  refped:  to  the  Orbh 
Magnus :  For  by  this  means  they  could  put  thd 
Motion  of  the  Earth  out  of  all  doubt,  which  all 
acknowledge  to  be  a  matter  worth  their  while  to 
do.  But  this  mi?y  be  done  pretty  well  by  the  fol- 
lowing method. 

The  other  things  remaining,  let  the  two  Fix'd 

StarsFand  C  (Jg'  jy.)  be  fuppofed  not  to  be  near 

KL  k  a  tha 
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theEcHptic.  Let  a  Plane  drawn  thro*  them  and  the 
Sun  cut  the  Orbit  of  the  Earth  in  A  and  By  which 
Points  will  be  given  exadly  enough  for  the  pur- 
pofe,  by  what  has  been  faid  in  the  preced.  Book. 
Let  the  angles  CAF^  CBF(ot  the  apparent  Di- 
ftances  of  the  Fix*d  Stars  Fand  C,  feen  from  the 
Earth,  when  flie  was  in  A  and  B^)  be  obferved, 
which  will  be  remarkably  enough  different  from 
one  anocher,  if  ^  i?  be  fenfible  in  regard  of  AC, 
and  the  Stars  C  and  F  very  unequally  diftant  from 
the  Sun,  which  feems  probable  to  hold  in  Stars  of 
a  different  Magnitude.  Perhaps  if  inftead  of  the 
two  Stars  C  and  F,  two,  fuch  as  C  and  D,  be  ob- 
ferved,  D  will  be  feen  from  A  to  be  on  this  fide  of 
Cy  from  B  on  that  fide,  (which  may  happen  in 
fo  great  a  multitude  of  Fix'd  Stars)  or  it  may 
be,  thefe  two  Stars  will  appear  to  coincide  at  one 
time  of  the  Year,  and  to  be  fenfibly  diftant  from 
one  another  at  another  time  of  the  Year :  la 
which  cafe  the  Annual  motion  of  the  Earth  about 
the  Sun  will  be  evident  by  the  bare  ufe  of  a  Te- 
lefcope,  without  any  Inftrument  neceffary  to 
take  the  diftance  of  the  Stars,. 

The  above  mentioned  method  of  obferving,be-* 
fides  that  it  is  capable  of  receiving  all  the  improve- 
ment, that  any  Inftrnments  have  or  wUl  receive^ 
is  hardly  any  ways  chargable,  fmce  thsre  needs 
only  a  Telefcope  with  a  Micrometer,  there  is  no 
need  of  ereding  an  Obfervtaory  norof  redify inga 
Perpendicular,  all  which  are  very  uncertain,  fince 
it  is  not  abfoluteiy  certain  that  either  Walls  tho' 
the  firmeft,  or  Rocks  or  Mountains  themfelves 
always  retain  the  fame  fituarion.  To  this  head 
we  may  refer  perhaps  what  that  celebrated  Aftro- 
nomer  Mr.  Caj/Ini  has  difcovered  about  the  Fix  d 
Stars ;  namely  that  the  Firft  of  Aries  fometimes 
appears  fplit  into  two  equal  ones,  and  diftant  by 
the  length  of  theDiamet^r  of  either  from  one  ano- 
ther. 
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ther,  which  he  has  alfo  obferved  of  the  prece- 
ding Head  of  Gemini  y  and  fome  others,  as 
fome  of  the  Pleiades ;  and  the  middle  in  Orion's 
Belt,  appear  to  be  three,  nay,  four  fomecimes. 

Proposition  LVo 

1"^  O  ohferve  the  Parallax  of  the  Orbis  Magnus,  hy 
j^  the  accefs  and  recefs  of  a  Fixd  Star  to  or  from 
the  Tote  of  the  Equator  made  in  different  Seafons  of  the 
Year.  [Fig.  f  6.] 

Let  S  reprefent  the  Sun;  HME  the  Orbit  of 
the  Earth,  whofe  points  £  and  H  are  the  places 
of  the  Earth  in  the  Solftices.  Further  let  JP  be  a 
Fix'd  Star  near  the  Pole  of  the  World,  that  is,  let 
AB  the  Axis  of  the  Earth  ATB  contain  with  a 
a  right  line  conneding  the  Earth  and  the  Fix'd 
Star  an  angle  B  HF  or  BE  F  pretty  fmall ;  and 
let  this  Star  be  not  far  from  a  Solfticial  Colore, 
and  therefore  in  conjun<5lion  almoft  with  the  Sun 
in  the  other  Solftice,  or  let  the  Plane  EFHbe 
perpendicular  to  HME  the  plane  of  the  Ecliptic. 
'Tis  evident  that  the  angle  B'HF  the  diftance  of 
)the  Fix'd  Star  from  the  Pole  of  the  World,  when 
the  St^r  i§  in  oppofition  to  the  Sun,is  lefs  than  the 
angle  BJEFth^  diftance  of  the  fame  from  the 
Pole,  wl)en  the  Fix'd  Star  is  in  conjundion  with 
the  Sun.  And  converfely,  if  the  angle  B  HF  he 
found  lefs  by  obfervation  than  BEF^  this  inequa- 
lity mufl  be  thrown  upon  the  Parallax  of  the  An- 
nual Orbit.  '  And  the  Diftance  of  the  Fix'd  Star 
15  gaiiied  after  this  manner:  The  difference  of  the 
angles  SiEF,  B  HF  is  equal  to  the  angle  F;  and 
in  the  Triapgle  F£  H  the  other  angle  F£  H  is 
given,  namely  the  Latitude  of  the  Fix'd  Star  ac 
the  Time,  when  the  Earth  is  at  E  :  From  whence 
the  ratio  between  HE  the  Diameter  of  the  Orhis 
M^gnus^  and  HF  the  Diftance  of  the  pxd  Stag 
will  be  known. 
"*     -  Y^k  ^  SCHO^ 
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SCHOLIUM 

This  method  cf  Ending  by  Obfervation  the  Pa- 
rallax of  theOr^w  Mdgnus ^th'A.t  mofl:  induftri  usOb-* 
fcrver  Mr.Jobn  Fla^fieedm^kQsuf^  df,  and  fo  an* 
fwers  the  objection  of  fuch,  as  with  Ricciolns,  deny 
the  morionof  theEarth- about  the' Sun,bec?jafe it  is 
confi.medby  the  obfervation  of  a  Parallax  of  the 
Od?is  Magnus.  For  he  found  the  Diftance  of  the 
Pole  Star  from  the  North  Po'e  to  begreker  about 
the  Summer  Solfticci  than  abtut  the  Winter  6ne^ 
by  about  40  or  45-  Seconds,  and  that  by  a  coj^.ci- 
jiued  fefies  of  Obfervations  for  fe-^reh  Year$,  aU 
lowing  for  the  corre<aioti  of  the  liiftmment,  arid 
the  change  of  the  Star's  place  ^n 'the'  aec6unt  of 
the  receffion  of  the  Equinoiliar paint's:  as  Mr. 
Flamfteed  learnedly  difgcurfcs  in  a-Letrer  to  Df. 
PPallis,&iLQd  Decemh.  20^  1698  publifhed'in  ^  VdTo 
O^WalUss  Mavher^^t-  ^"'gtJzs*  ^xit  this  method  of 
determining  the  Parallax  of  aFix'd  Star^fuppofes 
the  Axis  of  the  Earth  ^5  [F/^.  5-7.]  to  be  exactly 
parallel  to  itfelf^when  the  Earth  is  in  the  points  E 
and  H  of  its  Orbir^  when  the-Obfertations  are 
made.  And  tho*  that  finali  Nutation  of  the  Axis 
which  arifes  from  the  diminution  of  the  Inclina- 
tion of  the  Ecliptic  and  Equator  at  the  Solftices, 
-and  theincreafeof  itat  the  Equinoxes  {hyCorolio. 
Trop.  66.  B.  I.  ofl^Q^lorisMath.  Vrincip.Nat.Tklof.} 
does  not  alfedl:  or  hinder  this  obfervation/ as  Mr. 
Flamfteed  obferves  in  the  faid  Epiftie  ^  yet  another 
Nutation  arifing from  another  caufe  may  produce 
gli  thi?diverfityin  the  diftance  of  the  Pole-Star  from 
the  Pole  I  Namely,  if  the  denfity  of  the  Southern 
Hemifphere  of  thQ  Earth  be  a  little  greater  than 
that  pf  the  Northern/ feither  becaufe  of  the  leffer 
Heat  there  and  greater  Cold  here,  or  becaule  of 
the  inequalities  of  the  Continents  of  the  Earth 
placed  about  the  Poles,  or  fome  other^eaufe  un- 
known tou£^)fGr  then  fmce  in  the  Winter  Solfticb 
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the  SomhVoh  A  k  inclined  toward  to  the  Sun, 
and  at  the  fame  time  is  nearer  to  it  than  the  North 
I*oIe  By  when  in  che  time  of  the  Summer  Solftice 
the  latter  is  inclined  towards  the  Sun,  H  A  wWl 
be  more  inchncd  to  the  plane  of  the  Ecliptic  in 
the  Winter  time  than  E  A  in  the  Summer  time  ^ 
on  which  account  BHF  will  be  !c<s  than  BEFy 
thoV  the  right  lines  TJF^  EF  fliould  be  parallel. 
Since  therefore  all  tha :  can  be  made  out  of  Mr. 
FLmfteed's  obfervation  is,  that  the  angle  BHF 
is  iefs  than  the  angle  BEF ;  and  this  may  arife 
from  a  double  caufe^  namely  from  the  concourfe 
of  the  right  lines  HF^E  F  towards  F,  if  the  Axis 
of  the  Earth  in  one  obfervation  be  parallel  to  the 
fame  in  the  other  (which  is  fuppofed  to  be  the 
cafe  by  Mr.  Flamftead^  and  expreffed  by  the  Figs 
0,)  or  from  the  concourfe  of  the  lines  right  HA^ 
^  A  towards  G  the  quite  contrary  way  to  F, 
right  lines  H  ^,  E  F  being  fuppofed  to  be  paral- 
lel, as  in  the  , Figure  p  ;  from  this  obfervation 
the' Parallax  of  the  Fix'd  Stars  is  nor  evinced,  be- 
caufe  the  obfervation  may  ftand  incire  though 
the  right  lines  £  F,  //F  remain  parallel  ;  that  is^ 
tho'  che  Parallax  of  the  Orbis  Magnus  be  nothing. 

Nay,  this  obfervation  does  not  immediately 

j^rove  even  the  Annual  Motion  of  the  Earth  :  For 

tho'  the  Earth  be  in  the  middle  (revolving  about 

its  A.xe,as  in  the  SemhTychmic  Syftem,  [Fi^.5'8.]and 

fo  make  the  apparent  Diurnal  Revolution  of  the 

Celeilial  Bodies;)  the  Sun  in  the  Southern  Signs 

may  then  attrad:  the  Southern  Hemifphere  of  the 

Earth  turned  to  ir,bei|ig  nearer  and  perhaps  den- 

fer,  fo  as  to  make  the  angle  fiHF,thedi{lance  of  the 

Fi:^'dStar  from  the  Pole,  Iefs  than  BEF,  when  the 

Sun  in  the  Northern  Signs  being  more  diftant,  at- 

trads  the  Northern  Hemifphere  Iefs,  which  alfo 

perhaps  is  Iefs  denfe. 

'    'Jfh^  fame  likewife  may  be  faid  of  the  different 

K.k  4  Diftance 
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Diftanceof  aFixd  Star  from  the  Zenith,  which 
is  the  way  Dr.  Hook  formerly  f.  ught  aker  the  Pa- 
rallax of  the  Fix  d  Star^.  For  if  the  diredion  of 
the  Axisof  the  Earth  be  changed,  the  direction  of 
^ny  other  right  line  in  the  E'<Jrth  wncfe  pofition 
to  the  Axe  is  given)  will  likrwife  be  changed  : 
And  the  motion  cf  the  Earth  about  the  Sun,  can't 
be  certainly  concluded,  from  the  vaj^ious  inclina-. 
tion  of  a  right  line  connecting  the  I  ix'd  Star  an4 
the  Earth  to  that  right  line  in  the  Earth.  It  were' 
therefore  to  be  wifhed,  that  our  exad  Obfervers 
would  for  the  future  manage  their  obfervations 
fpr  proving  the  Annual  Motion  of  the  Earth  after 
this  manner^according  to  the  prec. Pr^j>.  or  itsSchoI, 
For  fp  at  laft  the  Parallax  of  the  Fix  a  Stars  in  rer 
gard  of  the  Orhh  Magnus  will  with  ^ny  certainty  be 
found(ifitbe  fenrible,)fince  the  change  of  thofean^ 
gles  can't  arife  from  any  other  caufe^but  the  change- 
of  the  Earth's  place  or  of  thefituation  of  the  Fix'd 
Stars  among  themfelves ;  but  the  identity  of  the 
fituation  of  the  Fix'd  Stars  in  regard  of  one  ano- 
ther is  taken  as  a  principle  by  all  fuch  as  endeavor 
to  find  their  Parallax.  In  xhe  mean  while  the  rea- 
fons  l^id  dQWfi  in  the  following  Propofition  in^^ 
clihe  me  to  believe  with  Copernicus^  that  the  Dia- 
meter of  the  Orhis  Magnus  in  regard  of  the  Fix'4 
Stars  (even  the  neareft)  is  inleniihle.        ■'  '.    .  r 

Proposition    LVL 

THE  Diftanc^  of  the  Sun  from  the  \^arth  in  re^ 
fpeB  of  the  Diftance  of  a-  Fixi_  Star  {even  the 
laearef}  from  the  Earth ^^v an'i^oe s almpfi and  is  infenfibki 
■  Since  the  Sun  and  Fix'd  Stars  are  the  only 
great  Bodies  of  theUniverfe  that  have  any  native. 
Eighty  th&y  are  juftly  efteemed  by  Philofophers 
to  be  of  the  farrie  kind^  and  defigned  for  the 
fame  ufes;  and  'tis  the  ejfFed  of  a  Man's  temper^, 
ihac  fets  a  greater  yalge  upon  hi sQMfn  things  than* 

"he? 
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he  ought,  that  makes  him  judge  the  Sun  to  cethQ 
biggeft  of  them  all.  Let  them  therefore  be  fup- 
pofed  equal,  fmce  that  the  one  exceeds  the  ochec 
has  no  grounder  foundation  tc  Hand  upon. 

Let  rbe  the  Earth,  ^Fig.  5'9.]  AE  B  the  Sun 
whpfe  Center  is  S  ^  CGD  a  Fix  d  Star  equal  to  thq 
Sun,whofe  Center  is  F.  Since  the  angle  BTS^  that 
the  femidiameter  of  the  Sun  feen  from  the  Earth 
appears  under,  exceeds  16  Minutes,  then  will  BS 
or  CF  equal  to  it,  be  almoft  the  two  hundredth 
part  of  sT;  or  200  times  C  F  will  be  equal  to  TS. 
In  the  Triangle  F5  r  rightangled  at  5,  the  Sine 
of  the  angle  5  FT  is  to  the  fide  ^T  as  the  radius 
to  the  fide  CT^,  equal  to  FT:  From  whence  (by 
Prop.  11,, Elem.  f.)  the  Sine  of  SFT  is  to  ST  asi 
the  S|n^  of  the  angle  CTF  to  CF,  And  fince,  in 
tjiefer  fipall  angles,  the  angles  theipfelyes  are  as 
their  Sines,  the  angle  ^FT  will  be  to  the  angle 
CT'Fasthe  right  line  57"  to' C  F,-  and  therefor^ 
200  CTF  is  equal  to  S FT^  or  lop  CTD  to  TFs\ 
But  that  mofi  acute  Obferver  Chrifiian  Hugens  (in 
hisSyfiem  of  Saturn)  affirms,  that  he,  affifted  by 
a  Telefcope,  (by  the  help  of  which  the  diameter 
of  an  obje<5t  was  magnified  an  hundred  times)could 
not  obferye  any  magnitude  in  the  Diameters  of  the 
Fix  d  Stars  tho'  the  brighteft,  but  that  they  ap^ 
peared  like  a  point ;  that  is,  the  angle  DTc  made 
an  hundred  tim^s  bigger, was  fti)linfenfible ;  or  an 
hundred  times  CTD  (that  is,  SFT)  could  not  be 
taken  notice  of  by  Senfe.  Therefore  the  Semidi- 
ameter  of  the  Orhh  Magnus  S  iTeen  from  the  near 
reft  Fix'4  Star  (fuch  as  we  are  to  fuppofe  the 
brighteft  to  be)  would  appear  like  the  fmalleft 
Point;  that  is,  TS  in  refpe<ft  of  ^ForT^Fva- 
Ijiflies  and  is  infenfible. 

This  fmallnefs  of  the  apparent  Diameters  of  the 
Fix'd  Stars  is  the  caufe  of  their  Twinkling :  For 
i]i^  fmaUsft  opake  corpufcles^  which  ^re  always 
v^^  ..,<  '.i/^^  \  ■      ^    ;''':'■**■  'moving 
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jWtMng  in  the  Atmofphere,  iiitirely  cover  any 
Fix  d  Star,  and  then  immediately  uncover  it^  that 
is^  make  it  Twinkle. 

SCHOLIUM, 
Bec3ufe  5  T*  compared  with  S  F  is  infenfible/ tis 
no  matter  in  v^hat  point  of  he  Orhh  Magnm  the 
Fix  d  Stars  be  pbferved^  for  the  whole  Or  bis  M^^- 
fim  is  but  as  a  pdirit  in  refped  of  the  Diffande  of 
theFix'd  Stars:  Arid  S ;ce  Saturn  the  outmoft  of  the 
Plane^Sj  is  not  above  ten  times  fafther  o^  from  the 
Sun  thanthe'Es^rth/there  \i111  beimttenfe  Spaces 
between  this;  outmbft  Planet  and  the  neareft* 
"Fix'd  Stars  to  tfhe  Siin,  into  which  the  v6ry  ex-' 
centric  Orbits  of  the  Cortiet^ite^  run,  ofwhfch 
we  have  treated  in  Vrb^,  ^y.  J5.  i.  And  'ds  .oiTr 
^'^  account  of  thisimmenfe  Kftarice,  that  the 
Flx'd  Stars  have  i\Q  fenfible  efFedts^  upon  our  Solar 
S^^rftem,  and  don't  difturb  the  "Planets  comain'd' 

Since  therefore  the  DiftanCei  of  the  Fix  d  Sf^ars 
can  r  be  determined  by  obfervations  made  ih  dif-f 
fe^rent  placesof  the  Earth's  Orbit,  it  remains  cha^ 
wefliow  ho#  to:meafure  it  by  fome  OpticalMe- 
thods:  Two  of  vvhtch  we  ftiall  propofe,  one  by 
Mti  James  Gregory  pubiifli'd  in  the  year  1668,  the 
other  by  Mr.  Hugms  in  his  Cofmo-Theoria, 

Psoi»osiTioN  LVII.    Lemma. 

THE  illuminations  of  the  fame  Sfhere^  in  different 
'  difi  nces  from  the  lucid  Bodjy  are  reciprocallj, 
as  the  Secures  of  the  d'lfances. 
Tho'  this  Propoficion  be  an  eafy  confequence  of 
Trof  Afi.  B,  I.  yet  I  fhall  take  the  pains  to  demon- 
ftrateit  here.  Let  ^'[Fi^.6o.]beany  point  of  a  lucid 
Body  taken  at  pleafure  \  and  let  B  C  be  the  diame- 
ter of  the  Sphere  that  is  illuminated,  direcStly 
oppofed  to  the  Rays,  at  a  fmaller  diftance  frorn 
the  lucid  Body^  fly  the  fame  diameter  at  a  greater 

diltance : 
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diftance;  that  is,  \tt  AE^  a  ray  reaching  to  the 
Center  E  be  perpendicular  to  BC^  and  A^to^yi 
Join  ABy  AC yZnd  being  prodiiced  let  them  meet 
07,  alfo  produced,  in  D  and  F,    On  the  Center^, 
at  the  diftance  AD  or  A  F,  defcrifcd  an  aire  of  a 
Circle  D  F,  whibH  let  A^,  Ai  a.nd:A"J  prodaGed, 
inee.t  in  H,  G  and  X^  and  let  this  Figure  be  , ima- 
gined to  revolve  about  the  axe  AG.,   'Tis  eylasrit 
that  ail  the  Rays  falling  Upon  tfie  Sphere,  whofe 
diametet"  is  j8  C,  upon  the  reitioval  of  it/ will  be 
fpre^d  upon  the  Sphere  whofb  diameter  is  X>|^^ 
AM  therefore  the  illuminatioii^  of  the  Sphere, 
ti/hofe  diameter  is5C,  is  to  theJ  illumination,  of 
the  St>here,  whofe  diameter  is  z^^,  as  all  the  rays, 
tointained  v/ithiri  the  Sector  of  the  Sphere  gene- 
rated by  the  flotation  of^pG,  to  all  the  rays 
ccimtained  withiti  the  Se6lbf:  of  a  Sphere  gene- 
fated  by  the  rotation  of  A  HG]  that  is,  as  the  Sur- 
face of  a  Sphere  gerierated  by  the  rotation  of  the 
arcIXj,  to  the  Surface  of  a  Sphere  generated  by 
the  rotation  of  the  arc  GH;  that  is,  (by  Prop.  49. 
B,  l.ofArchimed.  of, the  Sfh,  andCytind,)  as  the  Cir- 
cle whofe  radius  is  D  G,  to  a  Circle  whofe  radius 
is/!fG,orasthe  Square  of  DG  to  rhe  Square  of  HG. 
But  in  fmall  angles,  fuch  as  we  fuppofe  DAG  and 
HAG  to  be,DG  is  to  HG  very  nearly  as  DE  t0/?5; 
And  therefore  the  illumination  of  aSphere,whbfe 
Center  is  in  E,  is  to  the  illumination  of  the  fame 
or  an  equal  Sphere,whofe  Center  is  in  s,  in  the  du- 
plicate ratio  of  D2  to  i?g,  or  Di  to  BE,  or  A^  to  AE; 
that  is,  reciprocally  as  the  Square  of  the  diftances* 
Andfmce  the  fame,  for  the  fame  reafons,  is  true  of 
any  other  point  of  a  lucid  Body,  as  well  as  of  A, 
what  was  propofed  becomes  evident. 

And  after  the  like  mariner,  the  illuminations  of 
the  fame  Sphere  made  by  equal  lucid  Bodies  at 
unequal  diftances,  are  reciprocally  as  the  Squares 
'  the  diftances  from  thofe  lucid  Bodies. 

Pro- 
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Proposition  LVIII.    Lemma. 

AL  L  the  "Rays  of  the  Sun  falling  upon  one  Tlanet 
are  to  all  the  Rays  of  the  Sun  falling  upon  another 
Tl'^net,  as  the  Squares  of  the  Chords  of  the  Horizontal 
Farallaxes  of  the  Sun  feen  from  thofeflanets,  [Fig.6i,]j 
Let  S  reprefent  any  radiating  point  of  the  Sun; 
and  the  Spheres  ^^,  CD,  whpfe  centers  are  Tand 
Ty  any  two  Planets.  Join  5  r,  5P,  let  a  plane 
drawn  thro'  them  cut  the  Spheres  in  the  Circles 
ABy  CD'y  and  from  5  draw  Tangents  to  the  faid 
Circles.  Upon  the  Center  5,  at  any  diftance^ 
draw  an  arc  of  a  Circle  meeting  the  right  lines 
SA,  ST,  SB.SCyS?  and  SD  in  F,  E,L,  H,  G  and 
K;  join  the  right  lines  EF,  GH.  Let  the  Figure 
AFSET  be  imagined  to  revolve  about  its  Axis 
ST,  and  C H5 G  P  about  the  Axis  S  P.  All  thq 
Rays  flowing  from  the  point  S  that  fall  upon  the 
Planet  TC'viz.  all  within  the  Cone  ASB)  will  be 
to  all  the  Rays  falling  upon  the  Planet  P  (namely 
all  in  the  Cone  C5D)  as  the  Superficies  of  a  Sphere 
defcribed  by  the  rotation  of  the  arc  E  F,  to  thq 
Superficies  of  a  Sphere  defcribed  by  the  rotatioi^ 
of  the  arc  GH;  that  is,  (  by  Pr^/7. 49.  JS.  i.  ojf 
Archimedes  of  the  Sphar.  and  CyL)  as  a  Circle 
defcribed  upon  the  radius  E  F  to  a  Circle  defcrir 
bed  upon  the  radius  GH,  or  as  the  Squares  of  thq 
right  lines  E  E,  GH:  But  E E  and  G /f  are  Chord? 
of  the  angles  ^5r,  CSP  to  the  radius  SE,  and 
the  faid  angles  are  the  horizontal  Parallaxes  of 
the  Sun  5,  feen  from  the  Planets  Tand  P  ;  and 
therefore  all  the  Rays  flowing  from  the  point  S 
and  falling  upon  the  Planet  T,  are  to  all  falling, 
ipori  P,  as  the  Square  of  the  Chord  of  the  Sun's 
Parallax  feen  from  T,  to  the  Square  of  the  Chord 
of  the  Sun's  Parallax  feen  from  P.  And  fince  the 
fame  is  in  like  manner  true  o  f Rays  flowing  from 
any  other  point  of  the  Sun,  the  Propofition  is 
evident:      '    -  -  ■  -'"' 

"^  In- 
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Inftead  of  the  Chords  the  Arcs  themfelves,  or' 
the  Angles  proportional  to  them,  and  fubtended 
by  them,  may  be  taken,  as  in  the  preced.  Prop. 
SCHOLIUM. 

After  the  like  manner,  ^11  the  rays  of  a  lucid 
^nd  every  way  radiating  Sphere,  are  to  all  itg 
rays  that  fell  upon  a  given  Sphere  and  illumi- 
nate it,  in  the  duplicate  ratio  of  theDiameter  (ot 
Chord  of  the  Semicircle)  to  the  Chord  of  the 
horizontal  Parallax  of  the  lucid  Body,  feen  front 
the  illuminated  Body ;  or  as  the  Square  of  the 
Diameter  to  the  Square  of  the  Chord  of  the  laid 
horizontal  Parallax.  And  confe^uently  (by  tak- 
ing the  halves  of  the  antecedents,)  the  half  of  all 
the  Rays  of  the  lucid  Sphere,  or  all  the  Rays 
flowing  from  a  radiating  Hemifphere  (fuppofing 
the  other  Hemifphere  opake)  are  to  all  its  Rays 
falling  upon  the  Sphere  to  be  illluminated,  to 
which  it  appears  full,  as  the  half  of  the  Square  of 
the  diameter  ("that  is,  the  Square  infcribed  in  a 
Circle)  to  the  Square  of  the  Chord  of  the  Pa- 
rallax of  the  lucid  Body,  feen  from  the  Sphere  cqf 
be  illuminated. 

Proposition  LIX.   Lemma. 

TH  E  ratio  of  the  illumination  of  the  Earth  hy  the 
Sun  to  its  illumination  hy  a  Vianet  fiining  at 
the  fully  is  compounded  of  the  duplicate  ratio  of  th& 
Chords  of  the  Tarallaxes  of  the  Sun  feen  from  the  EartB 
and  that  Planet,  and  the  ratio  of  a  Square  infcribed  in 
a  Circle  to  the  Square  of  the  Chord  of  the  horizontab 
Far  alia  X  of  the  faid  Vianet  feen  from  the  Earth, 

The  Rays,  with  which  the  Planet  illuminates  the. 
Earth,  are  fuch  as  flowing  originally  from  the  Sua 
are  refleded  back  again  upon  the  Earth.  We  fup- 
f)ofe  therefore  chat  each  Planet  refleds  every  way 
all  the  Rays  of  the  Sun  that  fall  upon  it ;  that  is 
(for  greater  eafe)  we  fuppofe  a  Planet  to  emit 
Rays    every  way  from  that  Hemifphere  of  it 

that 
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that  IS    turned  towards  the  Sun,  'vlx,,  fo   many 
as  fall  upon  it  from  the  Sun.    'Tis  evident  that  the 
illumination  of  the  Earth  by  the  Sun  is  to  the  il* 
lumination  of  the  ftme  by  a  Planet  (hining  in  the 
full,  as  all  the  Rays  of  the  Sun  falling  upon  the 
Earth  to  all  the  Rays  flcwing  from  the  Planet 
and  falling  upon  it:  But  the  ratio  of  the  Sun's 
Rays  falling  upon  the  Earth  to  the  Planet's  Rays 
falling  upon  the  fame,  is  compounded  of  the  ratio 
of  the  Sun's  R.ays  falling  upon  the  Earth  to  the 
Sun's  Rays  failing  upon  the  Planet^  (that  is,  all 
the  Rays  flowing  from  the  Planet's  Hemifphere,) 
and  the  ratio  of  all  the  Rays  flowing  from  the 
f  lanet's  Hemifphere  to  all  thofe  of  them  tha£ 
fall  upon  the  Earth.    And  the  former  of  thefe 
compounding  ratios,  or  the  ratio  of  the  Sun's 
Rays  falling  upon  the  Earth  to  the  Sun's  Rays 
falling  upon  the  Planet,  is  equal  (by  the  preced. 
Trof-)  to  the  duplicate  ratio  of  the  horizontal  Pa- 
rallax of  the  Sun  feen  from  the  Earth  to  the  ho- 
rizontal Parallax  of  the  Sun  feen  from  that  Pla- 
net^ but  the  latter,  namely  the  ratip  of  ail  the  Rays 
flowing  from  the  Planet's  Hemifphere  illuminating 
the  Earth  to  all  of  them  that  fall  upon  the  Earth 
and  inlighten  it,  is  equal  (by  the  preced.  SchoL)  to 
the  ratio  that  a  Square  infcribed  in  a  Circle  has  to 
the  Square  of  the  Chord  of  the  horizontal  Pa^ 
rallax  of  the  faid  Planet  feen  from  the  Earths 
And  therefore  the  ratio  of  the  illumination  of  the 
Earth  by  the  Sun  to  the  illumination  of  the  fame 
by  a  Planet  fhining  in  the  full,  is  compounded  of 
the  duplicate  ratio  of  the  Chords  of  the  horizon- 
tal Parallaxes  of  the  Sun  feen  from  the  Earth  and 
that  Planet,  and  of  the  ratio  of  the  Square  in- 
fcribed in  a  Circle  to  the  Square  of  the  Chord 
of  the  horizontal  Parallax  of  the  faid  Planet  feen 
from  the  Earth»    ^  E.  P. 
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Proposition  LX. 
O  determine  the  Dijlance  of  a  Fix  A  Star, 


Chufe  a  Fix^d  Star  of  nearly  the  fame  bright- 
nefs  with  fome  Planet,  when  it  is  in  the  Full;  in 
which  cafe  the  Earth  is  equally  illuminated  by 
thefe  two  Stars.  But  the  mutual  Diftances  of  the 
Sun,  Earthy  and  Planet  at  the  time  of  the  above- 
mencioned  Obfervation,  and  the  Magnitudes  o£ 
thefe  three  Bodies  (by  Pr<?/7. 46.)  being  known^  the 
horizontal  Parallaxes  of  the  Sun  and  Planet  feen 
from  the  Earth  (by  Prof,  48.  B.2.J  become  known, 
together  with  the  angle  the  faid  Planet  appears 
under  from  the  Sun,  whofe  half  is  the  horizontal 
Parallax  of  the  Sun  feen  from  that  Planet.  And 
Gonfequently  (by  the  preced.  Vrof.)  the  ratio  of 
the  illumination  of  the  Earth  by  the  Sun  to  the 
illumination  of  the  fame  by  the  faid  Planet  be* 
comes  known;  that  is,  the  ratio  between  the  il- 
lumination of  the  Earth  by  the  Sun  and  by  the 
Fix'd  Star  ::  But  | by  Vroj,  f  7.)  the  illumination  of 
the  Earth  by  the  Sun  is  to  the  illumination  of  the 
fame  by  a  Fix'd  Star  ("equal  to  the  Sun  and  equal- 
ly lucid)  in  ttie  duplicate  ratio  of  the  Diftanceof 
the  Fix'd  Star  from  the  Earth  to  the  Diftance  ol 
the  Sun  from  the  fame ;  therefore  the  ratio  be- 
tween the  Diftances  of  the  Fix'd  Star  and  the  Suns 
from  the  Earth  is  known  ;  and  confequently  th@ 
Diftance  it  felf  of  a  Fix'd  Star  frpm  the  Earth  ip 
Known. 

SCHOLIUM, 
For  the  fame  purpofe  you  may  commodioufly 
take  Jupiter  in  its  Achronical  fituation,  and  Sirius^s^ 
which  (if  any  other)  may  be  looked  upon  as  equal 
fo. the  Sun.  But  fmce  Jupiter  in  the  faid  fituation 
exceeds  Sirius  in  brightnefs,  and  befides  the  Rays 
®f  the  Sun  falling  upon  Jupiter  are  not  refleded 

towards^ 
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towards  the  Earth  without  being  weakened,  but 
are  moft  of  them  ftifled  near  the  furface  of 
Jupiter,  the  Diitanfte  of  Sirius  determined  after 
this  manner  will  be  lefs  than  the  true  Diftanc^. 

Proposition  LXI. 

rTTl  O  meafure  the  Dlflance  of  a  Fixd  Star  another 
\      way. 

Tho'  the  diameter  of  the  brighteft  Fix'd  Star 
can't  by  any  Optical  Inftruuient  yet  invented,  be 
made  fo  big  as  to  become  fenfibie,  and  fuch  as 
may  be  compared  with  the  Sun's  Diameter; 
however,  the  Sun's  Diameter  may  be  leffen'd  fo 
inuch,  as  that  its  Light  thus  leffen'd  may  ('in  ap- 
pearance) be  no  greater  than  the  light  of  Sirius' 
twinkling  in  the  Night;  which  will  be  done  if  its 
Rays  be  let  into  a  Tube  thro'  a  hole  fmall  e- 
nough ;  or  if  its  image  be  leffened  as  much  by 
means  of  a  Lens,  or  partly  by  one  partly  by  the 
other  method  :  For  the  diameter  of  the  image  of 
the  Sun,  tho'  infenfible  (if  looked  for  inconfi- 
derately)  becomes  known  by  calculation  founded 
iipon  Optics  and  Dioptrics,  having  the  Diameter  of 
the  hole,  the  Lens  and  fituation  of  the  Eye  given^ 
But  the  Diameter  of  an  image  of  the  Sun,  as  bright 
as  Siriu^  to  an  Eye  given  by  pofttibn,  is  equal  to 
the  Diameter  of  Sirius ;  therefore  the  apparent 
Diameter  of  Sirius,  before  infenfible,  becomes 
known  by  calculation:  But  the  Sun  and  Sirius  are 
fuppofed  equal ;  therefore  their  Diameters  are  e- 
qual :  And  therefore  the  Diftance  of  Sirius  will  ht 
to  the  Diftance  of  the  Sun,  as  the  Sine  of  the  ap- 
parent Diameter  of  the  Sun  to  the  Side  of  the  ap- 
parent Diameter  of  Sirius,  or  (by  reafon  of  the 
fmallnefs  of  thefe  angles)  as  the  apparent  Diame- 
ter of  the  Sun  to  the  apparent  Diameter  of  Sirius  j 
therefore  the  Diftance  of  Sirius  will  be  known* 
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